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ABSTRACT

This thesis presents a computer simulated model of

ammunition resupply in a U.S. combat battalion. The model

is based on current ammunition resupply doctrine and has

been designed as a stand-alone simulation. Additionally,

this model has been structured to parallel the Simulation of

Tactical Alternative Responses (STAR) model so that future

enhancements might include its full integration into the

STAR model. When such an integration is accomplished, the

important dimension of combat service support will become an

influencing factor in the decision making process at all

levels of the combat model.
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A. GENERAL

Combat is a complex, multi-dimensional process, the

nature of which defies simple description. In its broadest

sense, this process is divided into land, sea, and air

categories. The Army, for its part, focusing its attention

on the air/land battle, subdivides the process further into

Combat, Combat Support, and Combat Service Support

functions. While it is generally recognized that a total

picture of combat cannot be gained by looking at any single

subdivision of the process, this segmentation overlays a

conceptual framework that brings with it a degree of clarity

necessary for analysis purposes.

Computer simulaticns modelling the air/land battle have

naturally evolved along these segmented paths. They have,

however, become so functionalized that they exist today as

parallel and completely separate worlds seeking to model the

same phenomenon. The degree to which this segmentation has

developed was a natural consequence both of hardware

limitations imposed by older generation computers, and by

the very complexity of the combat process itself.

14



Modellers, in attempting to present a "total* picture of

combat, have erected bridges between these paths with

varying degrees of success. These bridges generally take

the form of a Lanchester equation. In practice, a modeller

concentrates on one path seeking resolution while portraying

necessary parallel processes in this simplified mathematical

form. This technique permits the modeller to capture at

least some measure of the interaction of these paths on

battle outcome, without necessitating the use of an

unrealistic amount of computer time.

The direct consequence of this situation is that while

usually answering questions directed at some particular

segment, and amply answering the questions of who, what, and

when at the interface points between paths, such models do

not achieve the sharpened focus needed to answer the where,

how, and why of the total process. Perhaps this last set of

questions is avoided because the answer to them requires

modelling command logic and synergistic interplay difficult

to capture and quite conceivably beyond the scope of any one

model's charter. At any rate, the loss of this detail

prevents one from really answering basic questions as to the

effectiveness and workability of the combined "total"

15



process. In essence, the fundamental question, "Can it be

done?", is never adequately answered.

B. LOGISTICS MODELS

Current logistics models then, although running the

gamut from high level, high resolution simulations to low

level, low resolution simulations, must be characterized, in

accordance with the above arguments, as single dimensional

models. For, operating independently of any combat model,

logistics models must generate the demands they respond to

in some "artificial" way either externally .)r internally.

Externally, data generated from a combat model is converted

to some record of expenditures and front-ended into the

model as a sequence of events. Internally, the combat

process is expressed by some form of Lanchester equation

which dynamically generates specific requirements within the

context of the model itself. Output from these models is

then designed to provide a record of activities completed

over time as a measurement of an organization's ability to

respond to a varied requirements load. Logistics

effectiveness is then examined in aggregated terms, such as

tons delivered per day, or miles travelled per day. Details

of interplay between the combat and logistical processes are

generally not available.

16
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lith the development of the Simulation of Tactical

Alternative Responses (STAR) model at the Naval Postgraduate

School (NPS), logisticians have been given a unique

opportunity to investigate this dynamic interaction between

combat and logistical processes at the most critical

juncture, the battlefield. Since its initial coding in 1978,

the model has been continually expanded to include an ever

widening horizon of combat fdnctions. Several preliminary

attempts have been made to integrate logistics into the

model, but as yet, little logistics is played.

C. THESIS OBJECTIVES

In light of the above considerations, a goal of

developing a rudimentary high resolution logistics module

was established, with the ultimate aim of the project being

its eventual integration into the STAR model. After some

consideration, the prcject's goal was redefined further and

effort was centered on the development of an ammunition

(Class V) model within a combat battalion. Ammunition was

chosen both because of its critical impact on the

battlefield and because the logic developed for this class

of supply could easily be expanded to other classes. Such

an attempt would represent at least a first step toward

1
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capturing the subtle interaction between the combat and

logistical processes. The project's plannd approach was to

have included:

A & review of previcus work done at SPS in the area of

resupply.

A & review of of existing ammunition resupply models

currently in use within the Army community.

* Familiarization with the workings of the STAR model with

the objective of identifying the logical interface

points for a logistics module.

* The design of an ammunition resupply model written in

SINSCRIPT 11.5 that simulates the resupply process

within a combat battalion.

* Integration of this logistics model into STAR at the

appropriate points so that STAR generated data such as

ammunition expended, vehicles killed, et cetera, would

provide a driver for the logistics module.

* Incorporation of the information provided by the

logistics module into the company and battalion

commander decision logic of the STAR model.

Preliminary forays into the organization, use, and

operational vicissitudes of the STAR model, however,

18



immediately identified and underscored the primary

disjuncture between combat and service support models to be

pace of battle. The plain fact is that the critical time

window for analysis of operational effectiveness is

different for the two types of models. High resolution

combat models generally focus on the inner workings of a

battle that may last less than four hours. Logistics

models, in contrast, operate over time spans ranging from

three to thirty days. In the current STAR model, battles

generally terminate after three hours, well before the

logistical network is even alerted for action. Planned

expansion of the STAR model beyond the brigade battle now

fought, however, makes the eventual inclusion of logistical

factors both possible and necessary.

With these considerations in mind, the initial

objectives of interfacing directly with the STAR model was

modified and the planned logistics module was expanded to a

full stand-alone, high resolution model. Supplementary

objectives were established in order to achieve the

completeness of a stand-alone model while keeping the

ultimate objective of eventual interface with STAR in sight.

These additional objectives were:

19
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" Development of a detailed model that responds to

requests for ammunition resupply, maintains a simplified

stockage system, and models the movement cf rounds down

to the individual weapon.

" Maintenance of an appropriate level of resolution within

the model. Eventual integration into the STAR model

dictates that the resupply process must begin with and

be based on k. owledge of expenditures of a variety of

ammunitions fired by any number of individual systems.

" Maintenance of a high degree of flexibility within the

odel. The model designed must be flexible enough to

adapt to the wide variety of tables of organization and

equipment that might be played in STAR.

D. THESIS ORGANIZATION

Chapter II provides an overview of the background

research which went into the formation of this model. It

inclules a brief outline of current Army ammunition resupply

doctrine, an overv w of two of the most current Army

models, and an examination of aeveral past logistics theses

done at the Naval Postgraduate School.

Chapter III presents the Logistics Model which is the

primary focus of this thesis. It provides an overview of

20



model functions and explains the major model assumptions.

Topics discussed include: the battle scenario, requests for

resupply, the distribution of resupply assets, and the

redistribution of on-hand assets.

Chapter IV discusses lessons learned in the construction

of the model and outlines future areas of consideration for

model enhancement.

Appendix A provides an expanded explanation of the

material mentioned in Chapter III. This section, however,

presents the material in a form suitable for the reader who

is familiar with both combat modelling techniques and

SISCRIPT 11.5.

Appendix B is a detailed explanation of the model code

itself. It provides the reader with definitions of all

entities, sets, attributes, and variables used in the model,

along with a listing and line by line explanation of the

computer code written.

(
21

| I | !I



II. UlT.E _2o .L AR

A. INTRODUCTION

This chapter presents an overview of the background

research that influenced the formation of the ammunition

resupply model. This information is provided both as a

ready reference for the works investigated and as a means of

explaining the underlying rationale of many of the concepts

later adopted for use in the model. This chapter includes:

a bri--ef explanation of the current and future Army doctrine

regarding ammunition resupply; a discussion of two of the

Army's most up to date ammunition resupply models, HELAPS

II, and ARK; and an in depth look at past logist'cs thesis

efforts pertinent to this model.

B. AMUNITION SUPPORT IN TODAY'S ARMY

Without sufficient ammunition resources a combat unit's

effectiveness is degraded and the tactical alternatives

available to its leaders severely restricted. For this

reason, a procedure, which first seeks an internal solution

through the redistribution of assets, and then an external

solution through resupply, is standard regardless of unit

22



type. For example, at platoon or company level the

redistribution of on-hand ammunition assets is standard

operating procedure at the conclusion of any move,

regardless if the move is offensive or defensive.

when ammunition becomes a dwindling resource on a weapon

the platoon leader is notified, regardless if the weapon is

an M-16 or the main gun of an 8l tank. The platoon leader

then takes appropriate action either by redistributing his

own platoon resources or requesting resupply from the

company commander, or both. In a similar fashion, platoon

shortages are examined at the company level and if necessary

a resupply request is submitted to battalion. At battalion,

a support platcon receives requests for resupply from the

company then issues ammunition from the battalion's assets.

This support platoon in turn replenishes its stocks from

either the brigade ammunition transfer point (ATP) or the

division ammunition supply point (ASP). The ATP and ASP in

turn are supported by a corps storage area (CSA). A graphic

representation of a divisional ammunition support structure

is given in Figure 1.

The logic that dictates the resupply activity which

should take place and where it should take place is the

2
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~. RESUPPLY LINK I

CST f
BN

ASP ATP

10OkmtoCSAu 30km WOu4um 10.15km uW 5-15km-

CSA - Corps Supporz Area

ASP - Ammunition Supply Point

ATP - Ammunition Transfer Point

Figure 1: Ammunition Support Structure

objective of this model. Determination of the correct

course of logistic action at each level of control from the

individual weapon up is a function of how much is known

abou: the situation at any time. This knowledge is

admittedly imperfect due to time delays, human error, and

the stress of battle. To capture the essence of this

imperfect information flow, a central concept, Level of Need

24



(LON), was developed to mark thresholds for different

activities. This concept is explained in detail in Chapter

III.

C. EXISTING ARMY MODELS

The purpose of this section is to present the reader an

overview of the two most recently developed Army ammunition

resupply models. The two models are the Human Engineering

Laboratory Ammunition Point Simulation (HELAPS II) and the

Ammunition Resupply Model (ARM). Althodgh other ammunition

resupply models exist, the two mentioned above depict

resupply at a level and degree of resolution that directly

relates to this thesis. The purpose, characteristics,

assumptions, input, output, strengths, and weaknesses of

each model are discussed to provide an overview of the

ammunition resupply modelling capabilities that are

available today. The information presented in this chapter

has been extracted from the referenced literature regarding

the respective model.

1. HELAPS II

The initial model for discussion is the HELAPS II

model. This model was developed by Armament Systems Inc.,

Anaheim, Calif., under contract to the US Army Missle and

25



Munitions Center and School, Directorate of Combat

Developments, Redstone Arsenal, Alabama. HELAPS II is a

stochastic, event sequenced simulation that is run on a CDC

6000 series machine with GASP IV simulation language. The

model simulates the internal operation of an ammunition

resupply activity (CSA/ASP/ATP) to include the

transportation system connecting the resupply point with its

source of supply and its customers. The model constrains

the flow of munitions through realistic delays representing

the limited capability of material handling equipment (HE),

resupply vehicles (RSV's) and personnel operating in an

environment susceptible to delays due to distance, time,

weather conditions, integrated battle, and limited

resources. [Ref. 1]

a. Purpose

The HELAPS model is meant to be used as an

analysis tool for evaluating ammunition resupply activity

dynamics, operational concepts development, TOE

design/validation and mission area analysis. HELAPS II does

this by simulating the movement of resupply vehicles (RSV's)

from the customer or source element through the

inprocessing, loading/off-loading operations, outprocessing

26



activities, and then back to their home elements. These

activities all occur based on a workload generated in a

realistic combat scenario.

b. Characteristics

The model uses a dynamic, computer,

force-on-force wargame (ie. JIFFY) to determine the interval

between resupply convoys by generating expenditures. These

resupply convoys of up to 15 vehicles are constrained by

availability of vehicles, distance traveled, enemy attack

and environmental conditions. When the convoy arrives at

the resupply point the RSV's are subject to delays caused by

queues, processing, MHE/personnel availability, stock

shortages, enemy attack and environmental conditions.

Reliability, availability and maintainability (RAN) of

equipment, along with internal resupply activity policies

are also consiered where applicable. Once all elements in a

convoy are out-processed the convoy returns to its point of

departure.

Throughout the running of HELAPS II information

is collected concerning personnel activities and equipment

performance. This information is analyzed to determine the

following:

(1) MHE/personnel utilization and performance.

27



(2) Inprocessing/outprocessing delays.

(3) Capacities for receipt and issue of munitions.

(4) Optimal stockage objectives.

(5) Effects of enemy actions on performance to include:

(a) Physical layout.

(b) Security requirements.

(6) Distribution of resupply turn-around times.

(7) Optimal mix of MHE and RSV's.

(8) Impact of RAN on mission performance.

(9) Effectiveness of operating procedures.

(10) Adequacy of current or proposed TOE's.

c. Assumptions

All models make assumptions that play an

important role in the results generated and analysis

performed. The assumptions made in the HELAPS II model are:

(1) Resupply requirements for individual weapons are

consolidated at the firing unit's battalion.

(2) All resupply activities take place on a 24 hour basis.

(3) Inclement weather, night operations, and enemy

suppression degrade performance of the resupply

activity.

28



d. Input

Input data needed to run this simulation

consists of numerous user entries. Some examples of this

input data are:

(1) Distances between firing units and resupply

activities.

(2) Distribution of ammunition consumption by firing unit

for the simulation period.

(3) Number of personnel available by duty position at the

resupply activity.

(4) Amount of stock by type available at the resupply

activity.

(5) Assignment of MHE to specific tasks at each resupply

activity.

(6) Distances between inter-activity elements.

(7) A scenario of enemy activity.

(8) All start, stop, and pause times.

(9) Operatin; procedures for each resupply activity.

(10) Environmental conditions by activity.

(11) Host nation role if applicable.

(12) Stockage levels for each ammunition type.
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e. Output

This input data will generate output data of the

following nature:

(1) Amount of ammunition received and issued at a resupply

point by type.

(2) Start and stop stockage levels by ammunition type.

(3) Discrete and average turn-around times by RSV/convoy.

(4) Discrete and average processing times both in and out

of the resupply point by RSV/convoy.

(5) Discrete and average nonavailability times by

equipment type.

f. Striangths

The major strengths of HELAPS 11 are its ability

to accomplish the following:

(1) Provide a tool to analyze the internal operations of a

munitions resupply activity at any level.

(2) Provide inferences as to the total issue capability of

a designated TOE.

(3) Collect data on the number of aSr's and convoys

required to support a unit in a given scenario.

(4) Provide refined estimates (io. mean and statistical

distribution) of the time required for an RSV or

convoy to resupply a supported unit.
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(5) Identify the major choke points of a resupply activity

and simulate the processing of each vehicle through

these choke points in sequence. These choke points

and the sequence in which they occur are as follows:

(a) RST/convoy leaves resupply activity.

(b) RSV/convoy is processed by Ammunition Supply

Officer.

(c) RSV/convoy arrives at resupply activity and is

in-processed.

(d) The RSV/convcy moves to its respective loading

point.

(e) Loading/off-loading takes place.

(f) RSV/convoy leaves and proceeds to an assembly

area.

(g) RSV/convoy out-processed through activity office.

(h) RSV/convoy returns to initiating activity.

(6) Give a good evaluation of the effect of enemy activity

on mission performance by considering the damage and

destruction of support equipment.

(7) Provide a good tool for Combat Service Support Mission

rea nalysis and TOR development.
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(8) Provide another check on performance of the armyes MHE

design standards for handling munitions.

(9) Look at scenarios under different environmental

conditions.

(10) Provide a tool for choosing the optimal location of

resupply activities at all levels.

(11) Identify security shortcomings for different

scenarios.

g. Weaknesses

The major weaknesses of the model are:

(1) Munition consumption and threat data bases must be

developed manually from a force-on-force scenario.

(2) The model requires extensive computer core memory

allocation.

(3) The model is expensive to run.

2. MM

The second model to be analyzed is the Ammunition

Resupply Model (ARM). ARM is an interactive, event

oriented, time sequenced, computer model developed to

simulate the various functions associated with ammunition

resupply from the Corps Storage Area (CSA) down to the

individual weapon. It was developed by the Combat
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Operations Analysis Directorate (COA), CASSA, Fort

Leavenwoth, Kansas in March of 1980. ARM is written in

FORTRAN IV and consists of approximately 3400 lines of code

that require 144K octal main storage, including the data

base. Less than 12 CPU seconds are used in processing the

resupply actions that result from four hours of combat by a

division size force. [Ref. 2]

a. Purpose

ARS's primary role is to assess the capability

of a given TOE structure to respond to the logistical

deman4s placed on it by various ammunition expenditures.

?or model purposes, these expenditures are created by a

korce-on-force model such as the JIFFY wargame. ARM was

used in this manner to study the ammunition resupply

capability of alternative division organizations of the

Division 86 force structure. The model was developed in a

general form thereby allowing it to be used with most combat

models.

b. Characteristics

ARM controls the flow of ammunition through a

network based on the capacity of a given number of RSV's and

supply points. It also controls the flow through the supply
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network based on MHE availability. The model actually

forces the network to replace rounds at individual weapons

at the unit level, and sends trucks back to designated

resupply points to fill up and return. The functions of

each truck are broken up into a series of discrete events

portrayed as subroutines. The model takes each truck

through a series of these subroutines (with operational

availability and interdiction considered) in which actions

are completed and times accumulated. Helicopter resupply,

interactive command decisions, and tactical realism can be

incorporated into the model.

c. Assumptions

A list of the key assumptions made in ARM are:

(1) only high volume/high demand ammunition is addressed.

(2) Artillery units reload once each hour during a battle.

(3) Aviation units reload upon the return of an aircraft.

(4) Ammunition trucks are dedicated to a specific type of

ammunition.

(5) When a weapon system is lost, all ammunition is lost.

(6) when a loaded truck is interdicted, the load is lost.

(7) Helicopter emergency resupply will support only 155mm

artillery batteries and the resupply originates at the

ASP.
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(8) Trucks are sent for refill only when empty.

(9) The division portion of the corps heavy lift

helicopters will not exceed 10 CH-471s.

(10) The division portion of corps transportation assets

for ammunition resupply will be one sediua truck

company. This company will haul ammunition directly

from the CSA to the ATP's and ASP's.

d. Input

The input parameters needed for the operation of

the model are:

(1) Number and allocation of ammunition dedicated

RSV's/convoys in the transportation net.

(2) Record of on-hand ammunition from the scenario

vargame.

(3) Number of weapons and basic load of each type system.

(4) Amunition hauling capacity of each RS!.

(5) Stockage level and loading times at each ASP/&TP.

(6) Key RSV characteristics (ie. speed, RA).

(7) Reload times of each weapon.

e. Output

Output from the model consists of an audit trail

of all events accumulated in a series of reports generated
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through a subroutine called REPORT. The following is a list

of output reports available:

(1) Status of each RSV to include location and load.

(2) Current ammunition status of each unit.

(3) Status of each ATP/ASP to include number of MHE

available, RSVs in queue and the amount of each type

ammunition on-hand versus initial stockage.

(4) An interdiction report to include which RSV's were

interdicted and the type and amount of ammunition

lost.

(5) Emergency resupply information.

f. Strengths

The major strengths of ARB are:

(1) ARM influences the gamer's tactical decisions for

ammunition logistics by adding scenario generated

constraints.

(2) The model can be used to determine what transportation

assets of the ASP/ATP are required to support a given

scenario.

(3) ARE models individual RSV's.

(4) The model gives an indication of the capability of a

given ammunition resupply system for a given scenario.
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g. Weaknesses

The principal weaknesses of ARM are:

(1) ARM does not model the internal operations of the

ASP/ATP in enough detail.

(2) The model uses estimated straight line distances

between firing unit and resupply points instead of

actual road distances.

(3) The model requires a manual data base development for

each scenario.

D. LOGISTICS MODEL DEVELOPMENT AT NPS

The purpose of this section is to examine and discuss

four previous NPS thesis efforts which modelled aspects of

logistics. Three of these efforts are directly related to

the STAR model.

Since the development of the STAR model at NPS,

logistics planners have been given a unique opportunity to

investigate the dynamic interaction between the combat and

the logistics process at the most critical juncture, the

battlefield. Since its initial coding in 1978, the model

has been continually expanded to include an ever widening

horizon of combat functions. Although several attempts have

been made to integrate logisitics into the model, little
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logistics is currently played. This section will review

several previous logistics theses written at NPS. Some

address STAR directly; others do not. In summary, these

works form part of the evolutionary development of logistics

modelling at NPS of which this model is a part. Discussion

of each effort will include: a general description; an

enumeration of assumptions; a discussion of the modelling

techniques developed; a discussion of strengths and

weaknesses of these techniques; and an outline of the model

utility. Some of the concepts developed in these efforts

are used in this ammunition resupply model; others will be

valuable for future efforts.

a Combat 2nt"Jjoh - ._JJeJyfJ17.§JJ._3

This thesis parametrically analyzes the mission of

the support platoon of a U.S. Tank Battalion. The stated

objectives of the thesis were: to develop an overall

logistics model that could be integrated into a battalion

level combat simulation; to measure tn.c Support Platoon's

ability to move supplies under varying conditions; and to

evaluate the impact of simultaneous forces on combat support

operations.
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In pursuing these goals, a Morte Carlo simulation of

the ammunition resupply process was developed. The use of a

lonte Carlo simulation to capture the interaction of forces

on the resupply process was a step away from traditional

network/pipeline analysis normally developed for logistics

studies. The technique involves the identification and

isolation of significant variables within a process,

assignment of probabilities of occurance to each variable,

and replication of the process described by these variables

in order to achieve an expected value outcome. Using this

technique, the author was able to focus attention on

specific aspects of the resupply process, to deliberately

vary values for the probability of their occurance, and to

statistically analyze results for significance.

a. Assumptions

The major assumptions made by Kelly in his

thesis are:

(1) The ability of a support platoon to provide ammunition

support to the battalion is a direct function of:

(a) The maximum number of trucks available at any time

(Drivers assumed always available).

(b) The maintenance time required.

(c) The probability of ambush.
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(d) The probability of kill given an ambush.

(e) The loss of vehicles to ambush.

(f) The time required to replace lost vehicles.

(2) Vehicles can make a maximum of three round trips a day

to supply points.

(3) Maintenance readiness is evaluted at the end of each

-.rip. Readiness is measured against a fixed

operationally ready(OR) rate.

(4) Ammunition is obtained from a CSA located at the

Division rear.

(5) All vehicles in a convoy are subject to en-my attack.

Survival of each vehicle is measured against a fixed

probability of kill. Partial damage and salvage are

not played.

(6) Support is being provided to a "pure" tank battalion.

(7) The effects of each of the parameters measured are

independent and additive.

(8) Measure of effectiveness selected: Truckloads moved

during specified time periods. (3,5,15,30 days)

b. method of Evaluation

Due to the software limitations on the analysis

packaq.s available when the thesis was vritten, the model
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limited itself to a consideration of replacement time,

probability of ambush, number of round trips delivered to

supply points per day, and maximum number of vehicles

available. Probability of kill given ambush, and

probability of a vehicle becoming non-operationally ready

were fixed for each simulation run. The impact of these two

factors was combined into the mean of the design.

Having specified those aspects of the resupply

process critical to the success of the Support Platoon

mission, a range of prcbabilities for success for each of

the critical parameters was fixed and a number of Monte

Carlo simulations conducted for each variation. An analysis

of the results was performed and an expected value for each

set of selected probabilities was computed. The analysis

conducted also measured the effects of each individual

component, and its interaction with the other elements.

As a final demonstration of the methodology, a

conflict set in a European scenario was developed and a

simulation conducted. Values for each of the four critical

parameters were varied in response to the scenario

conditions, and in accordance with the judgement of the

writer. A regression performed on the results fitted a
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li.near modal to the data to check the linear fit of the

postulated model. Parameters again were varied, results

tallied, and tested for significance.

c. Strengths

The study achieved its objective of formulating

and exercising a resupply simulation within the bounds of

those parameters hypothesized as being critical. Accepting

the premise that the factors modelled captured the critical

essence of the resupply process, the technique used in the

thesis could be modified and used in a generalized combat

model to return a value of total tonnage of supplies

delivered during a specified time period.

The primary conclusion of the analysis

conducted, that the probability of enemy attack and the

physical location of the resupply point were the driving

forces behind the model, dictates that such parameters be of

prime importance to any resupply model.

d. Weaknesses

The major weaknesses found in the model are:

(1) Conceptual limitation to those parameters defined as

critical. Use of parameters other than *hose specified

and tested in the thesis would seriously weaken the
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conclusions made in the thesis and could lead to

incorrect results.

(2) Current doctrine to include the creation and use of

Ammunition Transfer Points (ATP's) was not considered.

(3) Operationally Ready (OR) rates are normally determined

on a daily basis rather than after each supply trip as

proposed.

e. Utility

This model could best be utilized in the

following manner:

(1) The method developed and the results generated by the

model would best be utilized as a generalized

constraint to a high resolution combat model or, after

some data analysis, as logistics coefficients in a

Lanchester model.

(2) The major finding of the model was that distance and

probability of enemy activity were the driving

parameters in the determination of overall mission

accomplishment. As such, development of any resupply

model should consider those parameters identified as

critical in their structure.

4
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This thesis and the follow-on work conducted by

Wallace and Hagewood after their graduation from NPS formed

the basis of what is now the STAR model. This original work

was designed as a high resolution, event sequenced,

stochastic model of ground combat. The language used was

SINSCRIPT 11.5. Since much of what was developed is still

an integral part of the present model, this document is

still a vital reference tool. In building the simulation,

logistics effects were modelled in three ways. These were:

(1) The use of logistics as an engagement constraint by

asking the question, "Do I have this ammunition

on-hand to fire?"

(2) The use of logistics as a time constraint by asking

the question, "Given that I have this ammunition on

board the tank, what storage compartment is it in, how

long will it take me to access it and move it to the

ready rack?"

(3) The modelling of logisitical methods to create supply

caches in order to resupply combat elements.
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Of these three attempts to model the effect of

logistics on the combat process, only the first, logisitics

as an engagement constraint is currently used. The use of

logistics as a firing constraint was abandoned after the XM1

stowed load study was completed. This constraint could

easily be added to the existing STAR model but at the

present time such a high degree of resolution is

inappropriat.. The modelling of resupply caches was

abandonned because at that stage of the model's development,

the contribution of the caches was of marginal value when

weighted against the time required to prepare the data and

the CPU time required to execute the logic. Tanks on the

battlefield were killed, or the battle was ended before

resupply was necessary and so the logic modelled became

superf luous.

Each of the three attempts to incorporate logistics

effects however, is worth analyzing in order to gain insight

into the interplay of forces within STAR, and to gain

modelling insight through access to existing working code.

a. Methodology

The general methodology of this model is as

follows:
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(1) Resupply As A Firing Constraint - in this logic,

ammunition availability is played as a constraint to

firing. The logic developed tracks on-hand ammunition

by type for each tank. At the beginning of a firing

sequence, a round is selected and its on-hand

availability is screened on a go/no go basis. In

implementation, ammunition is modelled at two critical

junctures, when selecting the ammunition to fire, and

upon round impact. The first juncture is controlled

by routine PRIORITY.AHD.ROUND.SELECT. This routine

assesses the relative importance of the target

currently selected, chooses a preferred round for use

against the target, and checks to see if the stocks of

the round are available. In performing this function,

the routine accesses a matrix called a DANGER STATE

array to determine the priority of the target, and to

select the ammuniticn to be fired. Routine

PRIORITT.ANDROUND.SELECT then calls routine

ANNO.CHECK vh±ch screens the ammunition attributes of

the specific tank to determine if the ammunition is

available. The second juncture occurs at the time the

round is scheduled to impact. is part of the logic,
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routine DECRESENT.1A11O is called to subtract one round

of the type of ammunition fired from the tank which

fired.

(2) Resupply As k Limitation On Firing Time - the logic

developed for this aspect of logistics was done in

support of the XMI tank stowed load study. It

modelled the time required to physically move rounds

inside an XM1 in an effort to add a degree of realism

to the play by restricting the access to ammunition on

the tank. This logic modelled the time required to

move rounds from one of five storage compartments on

the tank to the ready rack. This level of detail was

later judged to be unnecessary in the normal use of

the model.

(3) Resupply - additional work after thesis completion

attempted to extend ammunition concepts to include the

movement of supplies from storage areas to resupply

caches. The focus of this logic was a supply Officer

entity who controlled a number of caches in support of

his unit. These caches are planned prior to program

execution. In the execution, a routine PILE.SO.CREATE

calls a number of subprograms which loads trucks at
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the ATP (event LOAD.PLAN), moves loads to a

pre-planned cache site (event HOVEOUT), and offloads

the ammunition at the site (event OFFLOAD). Resupply

of the combat vehicles (event UPLOAD) was accomplished

when the unit withdrew to the location of the cache.

b. Strengths

The major strengths of the model are:

(1) Logistics As An Engagement Constraint - the logic

developed directly tracks the on-hand balance of 6

types of ammunition for each weapon system. This is a

basic start point for any model that hopes to model

logistics in STAR realistically.

(2) Resupply As A Limitation To Firing - although this

code proved to be of value in the X91 stowed load

study, the decision to turn off the code was more a

function of lack of utility than absolute uselessness.

The logic, in fact, provides an immediate tie-in for

%ny future modelling of delivery of a resupply of

rounds to the combat units.

(3) Other logic developed depicts the loading and

unloading of supply trucks and combat vehicles,

creation of caches at pre-designated points, and a

rudimentary stock control system.
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c. Weaknesses

The weaknesses of this model were perceived in

the following areas:

(1) There was no overall logic developed to dynamically

control and integrate logistics play within the model.

Tanks will continue to fire until ammunition stocks

are exhausted. Resupply caches are entirely

pre-programmed and once execution begins, the dynamic

flow of the battle will not change the creation of

stocks.

(2) The assets possessed by a unit will not influence the

tactical decision process. Logistics influence is

limited strictly to fire/no fire control.

d. Utility

The SINSCRIPT coding developed is fully and

immediately integratable into STAR and thus represents an

excellent start point for any new logistics study. The

basic STAR model interface points still exist. If future

STAR logistics modellers understand this logic they will

save themselves considerable tine and effort.

The immediate extension of this logic includes

recognition and use of the current ammunition status to
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trigger resupply actions. Further extensions include the

use of ammunition status to modify tactical courses of

action or to trigger a request to move.

3. 1'& Dyai Ammunt iLan _aUqUJ1_oAeJ _auD ilt

2f~hlST AR lidl -a-DU-.- 7i-'29) .{Ref.
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This thesis presents a conceptual framework for

modeling logistics functions within a combat brigade. The

objective of the thesis was to develop a logical structure

for the modelling of ammunition and fuel resupply. It was

hoped that this logical structure would lay a basis for the

future development of detailed logistics logic to be entered

into STAR.

The medium chosen to depict this framework was a

network diagram. The primary product of the thesis was the

development of this network and associated parameters

essential to modelling resupply. Resolution of a fully

developed model using this logic would depict individual

trucks carring rounds of ammunition from the brigade trains

to the combat vehicles. Ammunition would be measured by the

"box", a generic term used to represent all packaging

configurations from the individual round to a pallet of
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rounds. Petroleum would be measured in bulk terms only;

packaged petroleum is not played.

a. Assumptions

The major assumptions made in this model are:

(1) Battalion trains are located 5 Km and brigade trains

are located 25 Km behind the FEBA.

(2) Corps will transport ammunition from the Corps Storage

Area (CSA) in the Corps Rear Area to the Ammunition

Supply Points (ASP's) located in the Division Rear and

the Ammunition Transfer Points (ATP's) located in each

of the brigade areas.

(3) Corps ammunition support to the division will be

provided by two conventional ammunition companies with

each company operating two SP's.

(4) Capabilities of ammunition points are as follows:

(a) ASP - Receipt and issue of 2000 short tens of

ammunition daily.

(b) kTP - Receipt and issue of 500-600 short tons of

ammunition daily.

(5) only 5 ton trucks are capable of making the round trip

from the battalion trains to an ASP and back. AFARV's

and GOER's are limited to trips to/from the ATP's at

brigade.
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(6) Vehicles wiil travel only in convoys.

(7) Operationally ready rates (OR) are computed once daily

according to the following rates:

(a) Material Handling Equipment (RHE) - 75%

(b) Bn Ammo Vehicles - 85%

b. Characteristics

The resupply framework was developed around the

traditional supply HOE of ascertaining the number of

truckloads of ammunition delivered per unit time. In

execution, the network traces the movement of trucks of

varying dimensions through a network subject to uniformly

distributed movement and loading times.

(1) Network Development - the key to the thesis work was

the development of the network diagram itself. The

network depicts the flow of supplies from division and

brigade storage areas to the battalion trains.

Central to this concept was the determination of the

number and characteristics of carriers, arcs, and

nodes which make up the system.

(a) Carrier: the term used to represent the actual

supply trucks on the network. Each carrier type

has specific weight and cube limitations. These
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limitations are used to constrain a vehicle's

capability to transport ammunition. The carrier

is the critical focus of the system, since

determination of the quantity delivered per unit

time is based on the carrier's successful

completion of trips tc/from the supply points.

(b) Arc: the term used to represent road segments on

the ground. Arcs direct traffic flow and are used

to determine straight line travel time between

points. Load capacity of roads is depicted by

limitations on vehicle speeds on individual arcs,

for example, 10 mph over unimproved roads. Road

congestion, although identified as potentially a

major problem, was not explicitly modelled.

(c) Hodes: these mark points of change within the

network itself. Two types of nodes were specified,

load state changes and travel state changes. Load

state changes mark those locations where

ammunition is loaded and unloaded. Activity at

these points is modelled as time delays generated

from specified distributions. Operationally, these

delays would be modelled as a function of the
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number of people at the point, the number of MHE

pieces at the point, the capacity of the carrier,

and the length of the queue at the resupply

location. Travel state changes represent those

points on the network at which direction of travel

changes. These points represent travel through

cities, past major intersections, and through

points of congestion.

(2) Movement And Load Times - a second key aspect of this

framework is the concept of tine use. All times

within the model are assumed to be uniformly

distributed about a calculated mean. Thus travel time

along a stretch of highway is based on the length of

the roadway and on the assumed speed of the vehicle.

To this, an induced variability of plus or minus 204

was introduced to allow some further randomization of

vehicle times. Load/unload times were based on an

assumed loading time for the particular load on a

specific cargo carrier. Thus, ammunition cargo varied

by the "box" configuration to be handled, while fuel

loading varied in accordance with the load capacity of

the pump assumed to be at the location.

54



c. Strengths

The strong points of this model are:

(1) The thesis successfully established a network diagram

which adequately captures the various activities which

make up the supply chain. Tle example illustrated lin

the thesis is in generalized enough terms to be easily

adaptable to any particular setup.

(2) Although designed for a FORTRAN simulation, the

descriptors used to model the flow of the network can

be adapted to any simulation language. These critical

descriptors and the information they convey are as

follows:

(a) Arcs: length of road segment; type of road

(unimproved,etc.); average vehicle speed on the

road; amount of congestion on the road.

(b) Modes: type(road junctionsupply point~town,etc);

average delay time expected.

(c) Carriers:

e Ammunition Carriers - type, max cargo

weight, operationally ready status; location;

amount of cargo on board; type of cargo on board;

unit.
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* Petroleum Carriers - type; fuel carried;

amount carried; gallon capacity; pump rate.

(d) "BOX" of Ammo: weight of package; volume of

package; number of rounds/box.

d. Weaknesses

Some of the major weaknesses perceived by the

authors in the model are:

(1) In briefly outlining assumptions, locations of support

units were discussed in terms of fixed distances

rather than as envisioned in the more flexible design

doctrine called for. In fact, present doctrine calls

for the battalion trains to normally divide assets

between two locations, the combat trains and the field

trains. Combat trains are located 5-7 Km behind the

FEBA while the field trains are located 10-15 Km

behind the FEDA. The composition of either is

flexible; however, the bulk of ammunition supplies is

normally maintained at the field trains. Brigade

trains are normally located 15-25 Km behind the FEBA

and so could conceivably be co-located with the

battalion trains. The central considerations which

dictate the location of these facilities is the
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mission of the unit and the range of enemy medium

artillery.

(2) The vehicle load times for various ammunition types

were established for illustrative purposes. More

realistic distributions must be developed for actual

appl icat ions.

(3) No provisions were made to model hostile action on the

network.

(4) So queue was explicitly established at any supply

point.

(5) The network was self-contained and designed to model

only the movement of battalion trucks on the network.

(6) Once a resupply vehicle arrived at the battalion

trains, resupply was considered completed. No attempt

was made to model the loading of ammunition on combat

vehicles.

(7) There was no decision logic developed to dynamically

control the network or to react to a change command

once the vehicles were set in motion.

e. Utility

The network designed is an excellent starting

point for the development of resupply logic at the
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battalion/brigade level. The detailed development of the

essential elements of this network is a first cut at molding

the disparate elements of resupply into a coherent process.

4. "A Hilh Resolqil IgS;td.Qma~n Locsticg

nodel"_b__D. G. _A __.£. SirIt (1980 L .
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This thesis was the first attempt to integrate the

effect of logistics in the STAR model. The objective of the

work was to design a broad flowchart of the programming

logic required to model logistics and to investigate a means

of modelling the command and control decision processes

which overlay this process. The authors limited their

discussion to the resupply of petroleum and ammunition. In

depicting this development, the authors utilized the

Software Decision and Documentation Language (SDDL) which

outlines the logic of the program in the form of a detaild

flowchart.

a. Assumptions

The major assumptions made by Kirby and Schultz

are:

(1) The Battalion Support Platoon is solely responsible

for battalion resupply. Ammunition is obtained from

5
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either the ATP run by DISCO8, or from the ASP run by

corps. Petroleum is obtained from DISCOQ tankers

spotted in the Brigade Supply Area.

(2) Resupply can be accomplished either by moving supplies

forward to the combat vehicles (unit resupply), or by

pre-positioning ammunition at specified locations

(Cache).

(3) Supply vehicles carry homogeneous loads. No

cross-leveling of cargo between supply trucks is

permitted.

(4) Ammunition will not be redistributed between elements

of a unit.

b. Methodology

The logic designed can be divided into three

categories:

(1) Command logic within a battalion.

(2) Unit resupply logic.

(3) Supply point resupply logic.

The critical development by the authors was the

design of the command decision logic; flow for the other two

categories was relatively transparent. Command logic is used

primarily to evaluate the current supply situation and to
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determine a priority for resupply. The key tc this logic

lies in the development of the concept of Level of Need

(LON) .

Level of Need (LON) is a categorical structure

through which the resupply situation of a unit is expressed.

It represents the ratio of supplies on-hand to the total

capacity of the unit. The authors define four Levels of

Need; full, want, approaching critical, and critical. LON

is computed for each firing system with regard to its

primary ammunition and its fuel status only. The lowest

category computed for either determines the overall LON for

the weapon system. At the platoon, this logic models the

platoon leader examining the LON of each of his vehicles.

The platoon is then assigned an LON based on the category it

falls under. This platoon logic is duplicated at each

company, battalion, and brigade in the resupply chain

therea fter.

Decision logic for resupply uses this LON and

combines it with a consideration of supplies available for

issue and an evaluation of the suppression level at the unit

being resupplied. A listing of all requests is then

prioritized in accordance with the above criteria. Ties are
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broken in favor of the unit with tie greatest number of

weapon systems alive, the thought being that maximization of

available combat power is a commanders first concern.

c. Strengths

The thesis clearly outlines those essentials

necessary for the modelling of resupply. Although no code

was developed, the flow diagraa developed illuminates the

path to be taken. Decisicn logic is always a difficult area

to model. Development by the authors of a conceptual basis

for this process is invaluable. By specifying the urgency of

need through the concept of LON the authors made the

-esupply decision logic workable. This procedure for

prioritizing resupply efforts based on the factors

enumerated outlines a clear and realistic model of the

coampnde:'s thought process.

d. Weaknesses

Prese.ntation of a combined LON depicting the

fuel and ammunition situation is unrealistic. The need for

ammunition and fuel must be assessed separately as each

impacts on the tactical situation in a different manner. In

fact, a further sub-division within these categories as to

type of fuel and type of ammunition would present a clearer
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and aore realistic picture upon which to base tactical

decisions. The method of combining LON at platoon and above

based on a predominant LON and on a subjective assessment of

the relative importance of tactical systems is also

unrealistic. Again a sub-division of information into types

of ammunition and types of fuel needed would add a clearer

and more realistic dimension to the problem play. Failure

of the authors to develop logic for the redistribution of

on-hand assets is unrealistic. Addition of such logic would

present a truer pictu-e of the real process within units.

Lastly, consolidation of ammunition on-hand at the platoon

level and above must include a consolidated count of all

assets on-hand, including reserve assets. Failure to do

this would again cause decisions to be based on unrealistic

data.

e. Utility

This thesis illuminates the path of development

for future logistic modelling in STAR. The flowcharts

presented are detailed and thorough. They totally explain

the resupply network. This concept of modelling the

decision framework overlaying the supply network, while

needing significant revisions, steers future efforts in the

right direction.
(
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IT. ADPEL, -E .tRI oQN

A. INTRODUCTION

This chapter presents an overview of the ammunition

resupply model developed for this thesis. It discusses each

of its parts in general terms and lists its major

assumptions. A detailed discussion of the model, to include

an explanation of the SINSCHIPT 11.5 programming language

and the model code developed is presented in Appendicies A

and B.

The resupply model presented in this thesis is a

stochastic, discrete-event simulation implemented in the

SIMSCRIPT 11.5 programming language depicting ammunition

resupply procedures within a combat battalion. The basic

structure of the ammunition support flow is taken from Army

Field Manual 9-6, Aunit ev_ lv _he Theatre of

Og2jeAoj (Ref. 7]. The model is designed to provide a

flexible framework within which the user may specify the

Tables of Organization and Equipment to be played and the

critical resupply levels which will result in a resupply

action. In its present form the model can play an unlimited
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number of weapon systems and ammunition types, however, each

individual system is limited to a maximum of 6 ammunition

types.

Section B of this chapter discusses the battle used in

generating the data for the model.

Section C explains how ammunition expenditures are

tracked from the weapon to battalion and how such

expenditures thereby trigger resupply action by the chain of

command.

Section D discusses the resupply logic used at each

level of command in evaluating the availability of on-hand

ammunition and determining both the quantities released and

priority of resupply.

Section E explains how the redistribution of on-hand

ammunition assets is modelled and when it takes place.

B. THE BATTLE

The purpose of the battle in this model is to generate

-equirements that will force a response from the ammunition

resupply logic developed. Initially, the authors intended

to use the STAR model as a source for input data, since a

record of ammunition expenditures is normally generated as

part of its output. In the present configuration of STAR,

(
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however, the battle terminates well before ammunition

resupply ever becomes critical, so a direct tie-in to the

model was deemed impractical. An alternate proposal for

generating data from multiple STAR runs was also rejected as

too cumbersome.

Instead, it was decided to generate the needed data

through the use of Lanchester equations and Monte Carlo

technigues. Admittedly, considerable realism and resolution

are lost in doing this, but the simplification permits the

generation of necessary data without the use of a

prohibitive amount of computer time exercising the STAR

model. It is important to keep in mind throughout the model

that the battle generated is unrealistic and is used solely

as an expedient to generate data for the logistics model.

Examples of the types of data generated by the battle

for use in the resupply model are:

" Ammunition Expenditures Over A Given Time Period - this

data is generated for each weapon system in the battle

and each ammunition type it might possess.

" Damaged And Destroyed Vehicles - combat and resupply

vehicles are periodically checked for battle damage by

evaluating random number draws against a set of damage
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probabilities assigned by the user to each type of blue

vehicle in the model.

M Movement Of Units - within the present model movement of

company units is accomplished on a random basis. The

purpose of such moves is solely to execute the model's

redistribution logic.

The major assumpticns underpinning the battle's

architecture are:

" Battles are fought for 6 hours a day. The start time of

the battle is determined by a random draw.

" Each weapon type of a weapon system has a rate of fire

assigned through user input. However, the same weapon

on a different system can be assigned a different rate

of fire if the user so desires.

" Ammunition expenditures are generated in the model by

evaluating random number draws against weapon system

probabilities of fire for each armament. Expenditures

are then computed by multiplying the rate of fire for

that armament times the elapsed battle time for that

particular day.

" Combat vehicle damage is assigned on a random basis over

four types of kills : firepower kills, mobility kills,
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mobility/firepower kills, and catastrophic kills. For

all types of damage except firepower kills, ammunition

oa board that vehicle is considered lost. Ammunition

assets belonging to a vehicle that sustains a firepower

kill are assumed undamaged, and are immediately

redistributed to the other fighting vehicles within that

fighting system's respective platoon.

M lovement is restricted to company units and can take

place only after that day's battle.

C. REQUESTS FOR RESUPPLY

Expenditures of ammunition by individual weapons form

the basis of resupply activity in the model. Key to this

process is a concept called level of need (LON). A level of

need is evaluated for each ammunition carried by a combat

entity in the simulation. These individual vehicle LOl's

are aggregated to form LON's for each platoon and company in

the model. The purpose of the LON is to provide a measure

of the urgency of need a weapon or unit has for a particular

ammunition type. An entityls LON is updated over uniformly

distributed time intervals independently of other vehicles

or units in the model. This technique was implemented in

order to capture some sense of the imperfect information
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that is inevitably generated and passed in any supply

system. The purpose of this section is to explain this

resupply request process and to discuss the effect of and

reaction to the imperfect information by the chain of

command.

I. Level-of Need_ (LON

Level of need is a concept that was originally

developed by Kirby and Schultz in March of 1980. The basic

idea they developed is adopted for use in this model with

some major alterations. The concept of a level of need was

adopted because it represents a single unifying idea that

will allow the .xpansion of this model to all classes of

supply.

Level of need describes the urgency of need a weapon

has for a particular type of ammunition. This urgency is

then sequentially passed to and evaluated at each level in

the chain of command until a level is reached which can

respond appropriately. A separate LON is computed for an

ammunition type at the weapon, platoon, company, and so on

with information from each lower level being fed into the

computation of the LON of its immediate superior. In

effect, this forces each level to respond to the battle

flow.
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The actual value for an LON is assigned based on the

measured percentage of fill (amount on-hand / base load) of

an ammunition type at a particular moment. The essential

idea is to have threshold values for the percent fill of an

ammunition type which will trigger a leader's actions. The

benchmark for this computation is called a base load for

that ammunition type. An LON continually changes as

individual weapon entities, each with its own ammunition

configuration, are damaged or destroyed.

At the weapon level, base load is equal to the

initial stowed load for the particular ammunition in the

weapon system. This load can be different for each weapon

system within a platoon. An ammunition's base load, for a

platoon, is equal to the sum of all stowed loads of alive

systems in the platoon possessing that ammunition type. A

company's base load is, in turn, determined by summing over

the base loads within its platoons and so forth.

Level of need withiin the model is div.ded into 5

categories, the thresholds of which are controlled by user

input. These 5 categories are defined as follows:

a. Full ("5") - a weapon or unit has enough of its base

load of an ammunition on-hand that no resupply is

warranted for that ammunition type.
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b. Want ("4") - the weapon or unit's on-hand load is below

full, but is not in a position to jeopardize the

mission. Reaching a "WANT" LON initiates a resupply

action at the lowest priority.

c. Approaching Critical ("3") - this level implies that

the weapon or unit's on-hand ammunition is at a level

warranting a higher urgency of need for resupply and a

greater priority for fill when ammunition becomes

available than the "WANT" level.

d. Critical ("2") - the weapon or unit's on-hand

ammunition has reached a level that seriously endangers

mission accomplishment to the point that survival of

the weapon or unit may become a problem. Immediate

action is essential.

e. Empty ("1") - the weapon or unit has no on-hand balance

for a particular ammunition type and is no longer able

to perform its mission.

Weapon and unit LON thresholds for the above

categories are left as user inputs and must be supplied by

the user for each combination of ammunition type and level

of command. A tank then has different threshold values for

the several ammunition types it carries. This corresponds
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to placing degrees of importance on types of ammunition.

So, while a tank might be considered critical for APDS

rounds when it reaches 30% of its stowed load, it might not

become critical for 50 caliber ammunition until it reached

10% of its stowed load. At the platoon, the threshold

values for these same ammunition types would be different

from those of the individual fighting systems. This models

a platoon leader's wider perspective on a battle situation.

This situation is repeated at successively higher levels of

command.

2. ecues s fo esu aaly

The resupply process begins at the weapon system

where ammunition status is periodically updated. The time

between upda4es is determined based on draw from a user

defined probability distr.ibution. The platoon, for its

part, periodically updates its own status by obtaining

information from each of its assigned weapon types. The

company, in turn, updates its status by obtaining

information from each of its platoons. The information

"passed" to each level is that obtained from each entity's

most current update rather than from any source of "perfect"

information. Requests for resupply below company level are

7
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limited to those ammunition types for which a vehicle or

4 platoon is empty. These requests alert the next higher

level to update its ammunition situation and to take action

appropriate to its level.

The formality of a resupply requisition is

introduced at company level where resupply requests from the

company to battalion are triggered every time a company's

LON changes for an ammunition type. Quantities requested

vary in accordance with the assets possessed by the

requesting entity.

3. TjM Le ct Logi st ics 1Un 9at111on

Information passed during a battle is approximate at

best. The imperfect nature of this information is a result

of many factors, including:

a. Estimates of on-hand ammunition made at the weapon

during combat - It is frequently impossible to stop and

count ammunition assets during the heat of an

engagement; educated guesses are often the rule rather

than the exception when passing ammunition information.

b. Time lapses between resupply requests and delivery of

requested material - From the time the request is

forwarded until the delivery of the ammunition,

7
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additional resources will be expended and weapon

systems lost.

c. Simple counting mistakes.

Within the model, imperfection of the logistics

information is induced as follows:

Weapon systems update their ammunition LONs periodically

at random times within user established minimum and

maximum times. Upon request from platoon, the weapon

system provides its most current count; that is, it

provides the information obtained from its own last

ammunition update.

a Platoons and companies can obtain their information only

from their immediate subordinates, again at random times

within user specified intervals. This procedure

duplicates the periodic requests for ammunition updates

from platoons and companies to their subordinates during

a battle. Again, the information reported by each

subordinate level is that obtained from its own last

update.

• At the company level, formal resupply requests are

created by ammunition type as an ammunition's LON value

changes. This corresponds to a company periodically
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reviewing and updating its resupply requests because of

ammunition expenditures or loss of ammunition due to

vehicle damage or destruction. The quantity requested

each time is the quantity which would be required to

bring a unit back to full base load. At the supply

unit, up-- receipt of a new resupply request, this new

requisition is filed, and any older requests for that

anmunition and that company are destroyed.

It is important to note that in both a and b above

the modelling techniques described give the user the

flexibility to make the logistics information flow as

accurate or inaccurate as desired by controlling the

randomness of the LON updates.

The major assumptions made during the resupply

request process are:

a. Requests for resupply are an iterative process up the

chain of command with each level receiving information

only from its immediate subordinates.

b. An LON of empty ("1") initiates an immediate request

for action up the chain of command.
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c. Formal resupply requests from the company are triggered

by changes in an ammunition LON. The actual quantities

of ammunition used to calculate the LON's are available

at each level of command so that resupply can be

affected at that level if appropriate.

D. RESUPPLY

The resupply process begins with the receipt of a

resupply request by the Battalion S-4. This receipt

initiates a sequence of events which ultimately results in

rounds being placed on the weapon system itself. This

section explains how resupply of requested ammunition is

accomplished. The explanation includes modelling the

Battalion S-4,s decision logic; the resupply logic of the

company after assets are received from battalion; and the

distribution decision logic of the platoon leader after a

resupply is received from the company. The explanations are

general in nature. A detailed discussion of the logic is

contained in hppendix A, Section D.

A battalion's initial reserve of ammunition is

determined by the number and type of resupply vehicles

(RSVs) in the support platoon and the type and amount of
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ammunition those vehicles are designated to carry. This

information is determined by the user and entered as input.

An RSV's hauling capability for an ammunition type is

determined by its cube or weight limitations, whichever is

reached first.

Within a battalion, the S-4 is responsible for

controlling the distribution of battalion reserve ammunition

assets to subordinate companies. The S-4's responsibilities

include the following:

a. Review and prioritization of requests filed by priority

and time of request. The most critical LONs ("10) are

filled first. If there is more than one, the requests

are filled in the order they were received.

b. Determination of the number of RSV's necessary and

available for resupply missions.

c. Determination of the proper six of ammunition types to

be delivered to a unit in the face of multiple requests

and limited transportation.

2. Colnaz it buin

Upon the arrival of a resupply convoy, a Company

Commander takes the following actions:
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a. Determines the type and quantity of the ammunition he
f

has received.

b. Determines the immediate needs of the platoons in the

company.

c. Distributes the ammunition received to each platoon in

amounts dictated by their immediate urgency of need.

d. Re-evaluates the company's levels of need.

3. flaool irbut211

The Platoon Leader's responsibilities for the

distribution of ammunition resupply to the weapons within

the platoon are the same as those of the Company Commander.

. ssumptions

The major assumptions made in developing logic to

model a battalion's ammunition resupply distribution process

are:

a. When a resupply action is triggered at battalion, the

S-4 responds only to those requests he has knowledge of

and then only in the amounts listed on that request.

No further update is permitted until a new request is

received.

b. RS~s will not be dispatched from the battalion trains

with less then a half load of ammunition unless the

load contains ammunition with an LON of "I".
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c. RSV's can carry loads of mixed ammunition bat only to

4k one company.

d. RSV's resupplying the same unit will travel in convoy.

e. If an RSV is damaged or destroyed all the ammunition it

is carrying is assumed to be destroyed. The ammunition

is not replaced during the simulation run.

f. RSV's that complete a resupply mission arrive back at

the battalion trains with the same load they delivered

after an appropriate time delay. This simulates the

RSV's round trip to an ASP/ATP and permits restocking

of battalion ammuniton assets.

g. Ammunition stockage at the battalion trains is limited

to the total weight and cube limitations of the

battalion ammunition trucks earmarked to haul it.

Individual RSV loads are not "fixed" but rather remain

flexible, subject only to the stockage at the trains

and the weight and cube restrictions of the vehicle

itself.

h. An ATP/ASP has unlimited supplies of all ammunition

types. The only limiting factor on the amount of

ammunition an RS¥ takes back to its battalion trains is

the vehicle's own weight and cube limitation.
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E. REDISTRIBUTION

In an actual combat situation redistribution of on-hand

ammunition assets is performed as standard procedure in

certain situations. This section describes the situations

which warrant redistribution in this model. It explains

when and where the redistributions occur and the major

assumptions 2ade in performing them.

1. oeitiut 12q___lRoto

Redistribution takes place immediately upon

completion of any unit move. This activity is accomplished

within platoons only, with its objective being the even

redistribution of all on-hand assets. In the model, the

following actions take place when a move is completed:

a. All weapons give their respective platoons an

ammunition update.

b. Each ammunition type is divided evenly among weapons

using it with respect to the weapon's stowed load.

Redistribution of on-hand assets is performed in the

event of a vehicle sustaining an F-kill. In this case, the

platoon redistributes the ammunition as if it has just

received a resupply equal to the ammunition on the F-killed

vehicle.
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3. JAsum tions

The major assumptions made during a redistribution

are:

a. Redistributions only take place at the platoon level.

b. A vehicle receiving an F-kili becomes an RSV until all

on-hand ammunition is distributed.
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IV. CONCLU DI NG_ AMARKS AND !UTRRE E ANEiENTS

A. GENERAL

This ammunition resupply model represents the first step

toward the eventual development of a low level, high

resolution logisitics model designed to interface directly

with a comparable combat model. Program logic thus far

developed explicitly depicts current U.S. Army supply

doctrine at the battalion level. Beginning with the

individual firer, the model simulates the ammunition

resupply network responding to identified needs and

ultimately providing the appropriate ammunition to weapon

systems.

In executing this process, the model performs the

following functions: recognition of shortages at all levels;

initiation of requests for resupply appropriate to the level

of command; determination of quantities to be released to

fill requests; and delivery of supplies down to the weapon

systems. The authors have tried to keep the model as

flexible as possible by designing it in a manner that lets

the user assign values at input for the critical variables
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of the resupply process. The remainder of this chapter is

used to lay the foundations for continued work based on the

ideas developed in this thesis. The approach taken in

outrlining the direction of future efforts is threefold: to

explicitly highlight some of the model's major deficiencies;

to discuss several possible development paths which might be

taken in expanding the model; and to discuss adjustments

necessary to integrate this model with a comparable low

level, high resolution battalion combat model.

B. MODEL DEFICIENCIES

Fundamental to understanding what a model can do is the

equally important issue of knowing what a model cannot do.

This model is deficient in the following areas:

1. Battlefield Realism - Due to the simplified nature of

the battle, combat processes are not well played.

Basic forms of maneuver, elementary command decisions,

and individual combat action are not modelled beyond

the simplest levels. These activities have a

significant impact on the supply system and represent a

critical deficiency in this model.

2. Damage Assessment - The simplified damage assessment

routine, limited to combat weapon systems only, was
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developed solely to drive the resupply logic.

Extension of this damage logic to resupply vehicles,

development of a maintenance recovery and repair

capability, and an ability within the supply system to

respond to item losses would be a significant gain.

3. Movement - The model does not depict movement beyond

the imposition of a simple time delay for travel from

one section of the battlefield to another. These

delays are based on doctrinal distances and do not not

consider terrain, weather, or suppression. The

addition of terrain and movement modules would add a

significant dimension to the model and permit the

ixtension of logic into related resupply issues such as

route selection, traffic control, and traffic

congestion.

4. Resupply Logic

a. The battalion played in the model is always

resupplied, after a time delay, with the exact type

and guantity of ammunition it has released to its

companies. The source of this resupply is an

ATP/ASP that contains unlimited ammunition assets.

These assumptions significantly reduce the realism
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of the model and should be amended to include, at a

minimum, a limit on the resupply available to a

battalion dictated by the prevailing Command Supply

Rat-(CSR) and Required Supply Rate(RSB).

b. Convoys in the model are limited to point to point

delivery of ammunition. Multiple deliveries by one

convoy to several companies is not allowed. This

deficiency decreases the model's realism by limiting

a battalion's ability to efficiently use its

transportation assets, and a company's ability to

control these assets when a convoy arrives.

C. PATH OF FUTURE DEVELOEMENT

Having initiated a basic structure for the resupply

model, expansion paths for resupply logic, both within the

confines of the battalion model itself, and beyond the

battalion supply point to brigade have become apparent. The

expansion ideas mentioned in this section will be limited to

those areas of improvement within the supply system itself,

purposely disregarding issues directed at the model's

interface with a high resolution combat model. Some of the

points mentioned in this section have been identified as

model deficiencies but are re-mentioned here for emphasis.
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Expansion of this model, with respect to resupply logic, is

needed in the following areas:

I. Development of logic to more realistically depict the

transport of ammunition from the ATE/ASP to the

battalion trains. Such logic should include the

explicit modelling of supply routes and the traffic

control points overseeing these routes.

2. The effect of enemy interdiction efforts on the rear

area supply points.

3. Development of a routine to extend the possibility of

damage to resupply vehicles and convoys.

4. Development of routines to model maintenance, recovery,

and repair as well as replacement of damaged systems.

5. Extension of delivery logic to allow resupply vehicles

and convoys the option of delivering to more than one

company.

6. Addition of movement and terrain logic.

7. Improvement of the redistribution logic to include

provisions for an emergency resupply of ammunition if

a situation warrants it.

8. Explicit representation of activities at the ATP/ASP to

include queue and service times for trucks, and
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ATP/ASP interface procedures. As mentioned in Chapter

2, much of this logic has already been modelled in

HELAPS II

9. The imposition of a Command Supply Rate(CSR) and

Required Supply Rate(RSR) as a driver for the entire

resupply process.

D. I3TEGRATION INTO A COMBAT MODEL

Integration of this model into a low level, high

resolution combat model presents the following problems:

the problem of interfacing independently developed program

logic; the necessity of developing additional command and

control logic to blend the two models together; and the need

to adjust the tactical decision making process to include

the effects of logistics. Each of these issues is discussed

separately below.

The problems of merging an independently developed

resupply program into a fully developed combat model were

recognized and carefully considered in the development of

this ammunition resupply model. To overcome these problems,

the model was developed as a self-contained module. The

foreseeable interface problems with a combat model are thus

limited to insuring that: the combat model captures
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ammunition expenditures and passes them to the resupply

logic; the resupply model has movement logic that interfaces

with the movement logic of the combat model; and the supply

model's resupply routines interface with the weapon systems

of the combat model when delivering ammunition. Since the

model developed in this thesis was specifically designed to

interface with the STAR model, these changes would be

limited to: the addition of several attributes to the chain

of command structure; the addition of several attributes to

the weapon systems; and the integration of convoy movement

with the STAR movement logic.

Perhaps the greatest change caused by the addition of a

resupply module would be its effect on the command and

control logic of the combat model. A combat model's

dacision process could be expanded to include at least the

two most basic methods of resupply for a battalion, unit and

cache. Consideration of these two methods would necessitate

development of logic which could dynamically answer the

following questions:

1. Who has priority of resupply?

2. What ammunition is to be released subject to what

command restrictions?
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3. How will resupply be accomplished? Will supply

personnel be present with any type of equipment?

4. Where will the resupply be accomplished? At the current

location? At a subsequent position? At a rendezvous

point?

Lastly, combat decisions are inevitably influenced by

the availability or ncnavailability of resupply. Inclusion

of resupply logic into a combat model would force an active

consideration of resupply issues in making the following

tactical decisions:

a. Adjusting rates of fire.

b. Changing a weapon's primary ammunition of

engagement.

c. Decreasing or increasing a weapon's range of

detection and engagement.

d. Movement to alternate positions or the withdrawal of

a unit.
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A. INTRODUCTION

This appendix gives a detailed description of the

ammunition resupply model in a format suitable for use by

programmers and analysts. The discussion in this appendix

approaches the model from a broad perspective in order to

show the effect of the techniques used to model the "real

world" resupply process. Prior to discussing the

methodology itself, a brief description of the SIMSCRIPT

11.5 programming language used in the model is provided for

readers unfamiliar with the language. A detailed

explanation of the actual code developed is provided in

Appendix B.

B. USE OF SINSCRIPT 11.5 IN THE MODEL

The SINSCRIPT 11.5 programming language is designed to

model discrete-event simulations. It is a user friendly

language with a structure very similar to everyday speech.

This feature enables a reader to quickly grasp and follow

the flow of any program. Beyond the narrative clarity,
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SINSCRIPT provides an organizational structure which extends

a programmers conceptual horizon beyond the normal bounds

imposed by the use of variables and arrays. Central to this

structure are the key ideas of entities, attributes, and

sets.

Entities are program elements whose characteristics are

being modelled in the simulation. In the ammunition

resupply model for example, tanks, platoon leaders, company

commanders and supply officers are classes of entities in

the system. Attributes are discriptors which depict the

entity's characteristics. In the model, every platoon

leader entity carries attributes which define his unique

company commander. Thus, although all entities in the same

class have the same attribute names, they can be

distinguished from each other by the values of their

attributes. Attributes may have real, integer, or

alphanumeric values.

A set is a collection of entities possessing some common

property. The ammunition resupply model uses sets to track

the type and amount of ammunition on-hand in each platcon.

This is done by creating an entity for each type of

ammunition with attributes which record the quantity
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required and actually on-hand. Each entity is then filed in

a platoon's ammunition set and its attributes thereafter

track only that platoon's ammunition status.

kn event in SIMSCRIPT is an occurrence which takes place

at a specific simulated time. Events can change the values

of entity attributes, remove or add entities to sets, create

or destroy entities, or schedule other events to take place

at later times. In the model, a weapon which expends all of

its ammunition keys an event which notifies the platoon

leader and starts decision logic for resupply. Events take

place instantaneously and do not consume simulated time.

The use of SIMSCRIPT 11.5 greatly simplifies the

tracking of ammunition expenditures throughout the chain of

command. The actual set, entity, and attribute structure

used in this model is explained in detail in Appendix B.

C. GENERAL MODEL METHODOLOGY

The ammunition resupply model developed for this thesis

is a stochastic discrete-event simulation designed to

portray ammunition resupply procedures within a U.S. combat

battalion. The model is a stand-alone, closed loop process

which simulates the following activities within a combat

battalion: periodic updating of individual weapon and unit
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aamuni.ion s tatus; -ecognition of the teed for and

submission oF requests for resupply; and receipt and issue

of supplies f°oa battalion reserve stocks. The overall

process mod%llel is depicted in Figure 2 below.

I1
I

Battle ivaluate Request SplyUiI a> eu

ey Action Issue

I I

Pigure 2: Resupply Process

The fundamental process depicted in the figure is duplicated

at all levels of command (weapon, platoon, company, and

battalion), differing only in the response options available

at each level.

D. ISPUT R3QUIRESENTS AND THE INITIALIZATION OF DATA "ABS

input to the model is used to accomplish the folloving:

the creation of entities played in the simulation; the

establishment of chain of command relationships between
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entities; the scheduling of initial ammunition update times;

and the establishment of parameter values for supply action

ani r sponse(LON Thresholds). This initialization process

is controlled by routine BLU.CREATE, which creates the major

entities played and calls, in turn, routine BASIC.LOkD to

establish initial ammunition loads, and routine PARAMETERS

to initialize the critical data arrays and global variables.
1. Te ts he attle

Generation of requirements to exercise the

ammunition resupply model was initially to have been

accomplished through interaction with the low level, high

resolution STAR combat model. However, attempts to utilize

the STAR battle in its current configuration led to

difficulties with the pace of battle problem previously

discussed in Chapter 1 and the objective was abandonned, at

least for this thesis effort. In lieu of this, a simplified

battle was developed strictly to generate requirements for

the model. It must be emphasized that significant

conclusions cannot be drawn from the battle summaries

produced by this model. The sole function of the battle

designed is to generate requirements in order to exercise

the model's resupply logic. The requirements generated for
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4he model can be grouped into three broad catagories:

ammunition expenditures, damage and destruction of combat

vehicles, and unit movement. The following paragraphs

explain how the information generated is used in the model.

a. Ammunition Expenditures

Ammunition expenditures take place only during

scheduled battle periods. These periods are randomly

scheduled for six hours a day by the event BAT.L.TIME.

Assessment of the quantities of ammunition fired by each

weapon is determined in routine BATTLE which is called by

each weapon system when it updates its ammunition status. In

execution, routine BATTLE performs the following functions:

(1) Checks if a battle is in progress - This is simply a

check if the ...mulation time, TIME.V, is greater than

the battle starting time, B.START, and less than the

battle's end time, B.END. If it is outside this limit,

there is no active on-going battle and the routine

returns without action.

(2) Determines if a weapon fires - A check is made on each

of six possible weapons carried by a weapon system to

see if they have fired. This is accomplished by

comparing successive random number draws against a
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probability of firing for each ammunition owned by the

weapon system. If the random number drawn is less

than the assigned probability of fire, the ammunition

being tested has fired, and expenditures are computed.

If not, no expenditures are computed and the logic

transfers to the next ammunition carried on the weapon

system.

(3) Expends Ammunition - Each of the six ammunition types

carried by a weapon system is assigned a unique rate

of fire. This rate of fire is stored in an array,

ROF, which is input in routine PARAMETERS. If the

determination is made that an ammunition has been

fired, the quantity expended is computed through the

use of an exponential function. Lambda for the

function is set equal to the ammunition rate of fire

and the exporent is completed by multiplying this

lambda times the elapsed battle time. This technique

inevitably causes a greater expeLliture of rounds as

the battle time increases, however, its overall effect

on the running of the model is negligible.
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b. Vehicle/Weapon Damage and Destruction

Logic depicting the damage and destruction of

vehicles and weapons was added in order to exercise the

model's capability to adjust for ammunition assets lost

throughout the battle. Losses and damage are generated only

for combat weapon systems. Supply systems are not subject

to combat loss or damage.

The modelling of vehicle/weapon damage and

destruction is done in routine BATTLE with assessment of

loss or damage limited to the 6 hour battle period. There

are four types of damage played, M-kill, F-kill, M/F-kill,

and K-kill. Probabilities for each type of damage are

weapon system unique and obtained from an array,

POD(Probability of Damage), input in routine PARAMETERS.

Assessment of damage is accomplished by drawing a separate

random number against each probable type of damage. If the

number drawn is less than the probability for the type of

damage being reviewed, the weapon sustains the damage. This

technique leaves open the possibility that a weapon may

sustain multiple types of damage, however, this side-effect

is of little importance to the model's execution.
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c. Unit ,oves

A The possibility of a company relocating during

the simulation was incorporated in order to exercise

redistribution logic contained in the supply model. The

assumption underlying the need for the inclusion of this

logic is that tactical units will seek to redistribute

ammunition either before or after displacement in order to

achieve an ammunition balance among its weapon systems. The

execution of a unit move within this model in no way affects

the conduct of the remainder of the battle. Unit moves are

scheduled randomly in event B&T.L.TIME at the start of each

6 hour battle. Redistribution of company assets is

accomplished upon completion of a move within each of the

company's platcons. Cross-leveling of ammunition between

platoons is not modelled. In execution, each company draws

a uniform (0,I) random number, and, if that number is less

than a user designated probability of move, the company will

move at the end of the battle.

2. Deemnn~hqke~,2 -9_A

The determination of Level of Need is performed

independently and at random intervals for every weapon

system, platoon, and company played in the simulation. The
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purpose of an LON is tc provide an indication of the urgency

of need an alement has for each of the ammunition types it

possesses. A distinct LON value is computed at each level

of command. This models the increasingly wider perspective

of the battle taken by commanders further up the chain of

command. The net effect of this technique is to limit the

importance of any one ammunition type as it is factored

against other ammunitions played. The following subsections

fully discuss the details of the process just described.

a. Imperfect Information

As discussed in Section C, Chapter 3,

information in a logistics network is approximate at best.

In the model, this imperfection is achieved by randomizing

the times at which ammunition updates occur at each level

and by limiting the knowledge passed from one level to

another to that obtained in the most recent update. The

following example illustrates the effect of this technique.

A tank updates its ammunition status 10 minutes into the

battle and finds 40 HE rounds on-board. at 30 minutes into

the battle the tank has 30 rounds remaining. At this point,

the platoon leader conducts an update and is informed that

the tank has 40 rounds on-board. The platoon leader then
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bases his decisions on this imperfection information.

Similar update processes are performed at each level of

commani with the information provided forming the basis of

LON computations at that level. The degree of imperfection

in the information passed depends on the length of time

between updates. These time intervals are entered by the

user as input in routine PARAMETRS.

b. Initial Assets and Capacities

The initial ammunition assets of each weapon and

resupply vehicle are input by the user in routine BLU.CREATE

as the temporary attributes OHi through OH6. The number of

ammunition types that can be played in the model is

unlimited; however, the quantity of each ammunition type on

board a weapon system is limited to a maximum stowed load

figure. Naximum values are set for each ammunition type and

carried as the attributes, SLOADI through SLOAD6, on every

weapon system. The stowed load configuration on a weapon

system represents the users assessment both of what should

be and what can be carried on a weapon system. This

configuration is unique to each combat weapon system entity.

The platoon and company equivalent of a stowed

load for an ammunition type is called the base load for an
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ammunition type. Base loads for an ammunition type are

computed by summing over the stowed loads carried on all

undamaged elements within a unit.

c. Weapon LON's

Weapon systems form the basis for all LON

calculations in the model since it is at the weapon level

that ammunition is expended. Levels of need Lor a weapon

system are computed in routine W.AMMO for each of the six

possible ammunition types a weapon system might possess.

Routine W.&MO calls routine BATTLE to generate amaunition

expenditures, and based on these expenditures, W.AfM8O

updates a systems knowledge of its current ammunition

status. W.AkMO is called from several events for different

purposes.

Event UP.W.ABMo calls routine .AMMO randomly

throughout the simulation in order to model a weapon

system's crew periodically checking its on-hand resources.

UP.W.AMMO is scheduled individually for each weapon system

played based on successive draws from a uniform

distribution. The delimiting times for the distribution,

WHIN and VKAX, are input by the user in routine PARAMETERS.
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The event is repeatedly re-scheduled throughout the

simulation unless the weapon updating sustains some battle

damage.

Events CO.RESUPPLr.ABR, REDISTRIBUTE, and

FIREKILL call routine W.&M1O for all undamaged weapon

systems within a unit in order to obtain an immediate update

of the current situation prior to executing thair respective

program segments. These calls simulate a weapon system's

crew checking its on-hand resources prior to any resupply

action.

The actual calculation of an LON for an

ammunition type is accomplished by taking the on-hand

ammunition of an undamaged weapon and dividing it by the

authorized stowed load of that ammunition for that weapon.

The resulting percentage is compared to the weapon system

threshold values stored in the array WPNLON which is

initially input in routine PARARETERS. The threshold values

contained in the array mark the lower boundaries of LON

catagories. Figure 3 is an example of an LON calculation

for &PDS ammunition on board a tank.
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System type - Tank

Wpa type - MI S = on-hand / stowed load

I Ammo type - APDS = 20 / 40

On-hand - 20 rounds = .5

Stowed Load - 40 rounds

"5" .85

"4" .60

"3" .40

"2" .15
o"1" > 0.0

Thsrefore since .60 a .50 a .40

WPLON = "3"

Figure 3. Weapon LON Example

d. Platoon LON

Platoon LOW information is updated in the

routine P.CLASS.V. The process performed in this routine is

essen*iall.y a summation of the information carried on-board

the undamaged weapons in the platoon. This process updates
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both the platoon's current on-hand information, and the base

load information for that ammo type. As each ammunition is

updated, a platoon percent fill is calculated for each

ammunition type by dividing the current on-hand quantity of

an ammunition by its current base load in that platoon. The

percent fill calculated is compared to the platoon LON

threshold values for that ammunition type. These critical

values are stored in the array PLTLON which is input in the

routine PARAMETERS. The threshold values contained in the

array mark the lower boundaries of the lon categories.

P.CLASS.V is called by several events for different

purposes.

Event UP.PLT.ANMO calls routine P.CLASS.V

randomly throughout the simulation in order to model a

platoon leader periodically checking the platoon's on-hand

resources. UP.PLT.AMMO is scheduled individually for each

weapon system played based on successive draws from a

uniform distributi.on. The delimiting times for the

distribution, PMIN and PAX, are input by the user in

routine PARAMETERS. The event is repeatedly re-scheduled

throughout the simulation unless all weapons in the platoon

sustain damage and can no longer use ammunition.
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Events CO.BESUPPLY.ARR, REDISTRIBUTE, and

PIREKILL call routine P.CLASS.V for all platoons within a

unit in order to obtain an immediate update of the current

situation prior to executing their respective program

segments. These calls simulate a platoon leader checking

the unit's resources prior to any resupply action.

Figure 4 is an example of how a platoon LON is

calculated. It is important to note in the example that the

stowed load and on-hand ammunition of the 3rd tank is not

considered because the tank is an M-kill. Also, the stowed

load of tank 2 is disregarded because the weapon can no

longer fire since it has been F-killed. The on-hand

ammunition of tank 2 is not dropped from the computation

however, due to the fact that the tank is still mobile and

can be used as a resupply vehicle to deliver ammunition to

other systems in the platoon.

e. Company LON

Company LON values are computed and assigned in

routine COM.A.flO. In evaluation of this LON, the first step

performed is to sum over all assigned platoons in order to

update the company's on-hand and base load information.
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(1) Tank Ml AP 40 rounds 20 rounds Alive

(2) Tank Ml AP 40 rounds 15 rounds F-kill
(3) Tank Ml AP 40 rounds 30 rounds M-kill

(4) Tank M1 AP 40 rounds 25 rounds Alive

Z,-> .90
"14" .65

1"3" Z .45
"2" >- .20
"1" > 0.0

= Tot Pit on-hand ammuo(AP) / Sun Wpn stowed loads (AP j

= 60 / 80 = .75

Therefore since .90 Z .75 .65

PLTLON = "4"

Figure 4: Platoon LON Example

A percent fill value is then computed by dividing the

on-hand quantity for each ammunition by the required base

load for that ammunition. This percent fill is then compared

to company LON threshold values stored in the WPNLON array
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which is input initially in the routine PARAMETERS. The

threshold values contained in this array mark the lower

boundaries of the LON values. COM.ANMO is called by several

events for different purposes.

Event UP.COH.AMMO calls routine CCM. AMM0O

randomly throughout the simulation in order to model a

company commander periodically checking the platoon's

on-hand resources. UP.COM.AMMO is scheduled individually

for each weapon system played based on successive draws from

a uniform distribution. The delimiting times for the

distribution, CMIN and CMAX, are input by the user in

routine PARAMETERS. The event is repeatedly re-scheduled

throughout the simulation unless all weapons in the company

sustain damage and can no longer use the ammunition.

Events CO.RESUPPLY.ARR, REDISTRIBUTE, and

FIREKILL call routine COM.AHMO for the company receiving

resupply in order to obtain an immediate update of the

current situation prior to executing their respective

program segments. These calls simulate a company commander

checking the unit's resources prior to any resupply action.

Figure 5 gives an example of how a company LON

is calculated for APDS ammunition. In this example the
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first platoon data is taken from the platoon LON example

given in Figure 4. The company example depicts 2nd platoon

having 4 M1 tanks, each tank with a stowed load of 40 AP

rounds and total platoon cn-hand assets of 80 AP rounds.

I
I
tI

PLT SYSTEM WPN AMMO STOWED LOAD ON-HAND
1 tank M11 AP 80 60

2 tank MI AP 160 80

:3 tank : AP 80 20I
COMPANY LON THRESHOLDS (AP)

"5" Z- .85

"4" -? .60

131" > .40

"2" .20

I "1" > 0.0

Percent = Tot Co. on-hand Ammo / Sum of Pit stowed loads
= 160 / 320

Therefore since .60 Z .50 : .40

CONLON = "3"

Figure 5: Company LON Example
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In a similar manner it can be seen that the 3rd platoon has

2 M1 tanks remaining with 20 AP rounds between them and a

stowed load of 80 rounds, 20 per tank.

3. jequstj~tRE sM u

Resupply requests are made by a company and sent to

the battalion's S-4 based on the information passed up the

chain of command from the individual weapon systems through

the subordinate platoons. within the model logic, the

periodic updating of LON information up to company level is

the key to transmission of these resupply needs. Beyond the

company level a requisition processing system replaces the

LON concept. Prior to the submission of a "formal"

requisition by the company to the S-4, several informal

actions that take place which key the submission of a

:equisition for a particular ammunition type. These actions

occur at the weapon, platoon, and company levels. This

section explains this informal process which results in the

Battalion S-4 receiving a valid requisition from the

company.

a. Weapon Systems

Weapon systems do not request ammunition

resupply; they simply p4ss their most current knowledge to
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the platoon at the time a platoon check is made. In the

event that a weapon system exhausts its supply of an

ammunition type, an immediate scheduling of the event

UP.PLT.AINO is made. This logic simulates a weapon system

inforzming its platoon leader of the situation, and the

platoon leader, in turn, performing a quick check of the

rest of the platoon to see how extensive the problem is.

b. Platoon

Platoons do not request resupply; they

periodically check all subordinate systems and pass on

information for each ammunition type to the company when the

company checks on its ammunition status. In the event that

a platoon exhausts its supply of an ammunition type, an

immediate scheduling of the event UP.COM.AHMO is made. This

logic, simulates a platoon leader informing the unit's

company commander of the situation, and the company

commander, in turn, performing a quick check of the rest of

the company to see how extensive the problem is.

c. Company

The company is the first level of command

permitted to create and submit resupply requisitions in

order to correct deficiencies in a unit's ammunition
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posture. Within routine CO.AMMO, changes in the Level of

Need computed for an ammunition type trigger the creation of

a resupply request, RES.REQ, for that specific ammunition

type. These requests are transmitted to battalion supply by

scheduling the event OP.S4.AMMO and passing the company's

requisition list as an argument to battalion. The scheduled

time of arrival for the request is determined by drawing a

random number from a unifcr distribution. The delimiting

times for use in the distribution, MINTRIP and MAXTRIP, are

input in routine PARAMETERS. Use of this distribution to

schedule the event time models the deloy caused by the

necessity to physically carry the requests to the supply

point.

d. Battalion

For the purposes of this model, a battalion does

not submit requests for resupply. Convoys returning from a

company resupply mission are assumed to have been reloaded

at the ASP/ATP with exactly the same quantity of ammunition

they had just delivered to a company. In this way,

battalion stocks are constantly refilled.
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4. Supl Rspl A!UAb h -

Storage and issue of a battalion's reserve

ammunition is simulated in event UP.S4.AMO. The purpose of

UP.S.AMMO is to model the actions of a battalion S-4

officer allocating his limited ammunition and transportation

assets in response to requests from the supported units.

The event is scheduled in routine COB.AMHO when a resupply

request is created. Functionally, the routine accomplishes

these actions through evaluation of the following

considerations: the availability of supply and

transportation assets; the need to maximize the use of

shipping space on board resupply vehicles; the need to

adjust shipments in the face of priority requests; and

control of the dispatch of resupply convoys. The

subsections which follow discuss each of these

considerations. Significantly, in the program logic as it

exists, resupply convoys are limited to one stop deliveries.

Multiple unit deliveries are not permitted.

a. Availability of Supply and Transportation Assets

Stock acccuntability of ammunition is maintained

for each CLASS V(ammunition) item belonging to a supply

officer in a temporary enttiy SCL.V.ITEN. Resupply requests
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to the S-4 are matched against the on-hand balance in this

temporary entity to determine if the supplies are available

for release. & concurrent determination of the availability

of transportation assets is made through a comparison of the

total weight and cube available on resupply vehicles for

shipping and the total weight and cube requested.

b. Maximization of Shipping Space

Program logic allows more than one type of

ammunition to be loaded on a single truck. This models the

S-4 seeking to effectively utilize the limited resources at

his disposal. The identity of ammunition stocks released to

fill a request is modelled through the creation of a

temporary entity, T.CGO. This level of detail permits a

determination of the total cargo manifest loaded on any

individual truck.

c. Adjustments Due to Priority Requisitions

& key assumption modelled in the program is that

a unit commander will order the quantity of supplies

necessary to refill the unit's base load for an ammunition

type. As such, in the face of multiple priority 1 and

priority 2 requisitions and limited transportation assets,

program logic models an S-4 decision to reduce fill on
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individual requisitions in order to permit a greater number

of requisitions to be filled. This reduction in fill is

flexible subject only to the maximum lower bounds C.L1.PCT

(CRITICAL LOU I PERCENT) and C.L2.PCT(CRITICAL LON 2

PERCENT). These delimiters are input in r~utine PARAMETERS.

E. RESUPPLY ACTIVITIES - RECEIPT OF SUPPLIES

The transport of supplies to fill requisitions basically

follows the reverse path of the requisition flow. This is to

say that supplies are issued through the chain of command

back to the weapon systems. At each level of command, new

decisions are made as to the apportionment of the supplies

to subordinate levels based on the most current information

available. In executing the applicable routines modelling

this process the first step performed is an update of the

ammunition status of all levels. The apportionment process

itself involves the repetitive computation at each level of

a ratio (subordinate need / total unit need) times the

quantity delivered. The pattern for this process is set in

event CO.RESUPPLY.ARRIVE. This event is scheduled to mark

the arrival of a resupply convoy at a company unit.

Additionally, two other instances involving a similar

reapportionment of ammunition were included in the model.

1
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These are PIREKILL and REDISTRIBOTE. Event FIREKILL models

a platoon leader's decision to distribute the immunition

assets from non-functional weapon systems to the remainder

of the platoon. Event REDISTRIBUTE models an assumed

standard operating procedure that requires platoons to

cross-level ammunition assets between weapons after a unit

move is executed. This routine differs from the two previous

in that the basis for distribution of the assets is the

ratio of the weapon system's stowed load to the platoon's

base load times the total quantity required for the platoon.
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This appendix provides a detailed explanation of the

code developed for the ammunition resupply model. For this

discussion, the model has been broken out into its major

routines and events with each being discussed separately.

The PREAMBLE section contains a detailed definition of every

entity, attribute, set, and global variable used in the

program. Thereafter, discussion of routines and events

includes: an abbreviated glossary of terms, a listing of the

program code, and a line by lite description of the code.

All definitions within a section are grouped by their

SIMSCRIPT category then listed alphabetically. If an

abbreviation is unclear an unabbreviated name is given in

parentheses beside it.

A. "PREAMBLE"

The preamble provides the compiler with definitions

regarding: entities, attributes, and sets; events and

routines; global variables and arrays. Many of the

descriptors used in this preamble are taken directly form
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the current STAR model. Those taken directly from STAR are

redefined here for clarity purposes and can be identified by

an asterisk(4).

I. LOr tinq

The routines of this model are described in detail

in sections C through N of this appendix. The routines used

are as follows:

BLU.CREATE PARAMETERS

BASIC.LOAD w.AMMO

P.CLASS.V CON. AMMO

BATTLE UP. DATE

FILE.UP.DATE LOAD. THE. TRUCKS

WT .AND. CUBE PRI. RESUPPLY

2. 1vents

The events for this model are explained in detail in

sections N through Z of this appendix. The events of the

model are:

B.UP.DATE BAT.L.TIME

FIREKILL BN. ARRIVE

CO.RESUPPLY.1A MOVE

UP. SL. AMMO REDISTRIBUTE

STOP.SIMULATION UP.COM.AMflO

UP.PLT.A88O UP.W.AM O
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3. Eln=is

The entities of any SIMSCRIPT program are either

permanent, meaning they remain active throughout the

program's execution, cr temporary, meaning they can be

created or destroyed during program execution. Definitions

of both type of entities are listed below.

COMPANY.COMMANDER(I'l). Used to model the company commander's

thought process. Owns sets containing the unit's

platoons(CO.UNIT composed of PLATOON.LEADERs) and the

unit's unique ammunition listing (CO.kMMO composed of

CCL.V. ITEMS).

PLATOON.LEADER(*). Used to model the platoon leader's

thought process. Owns sets containing the unit's weapon

systems(PLkT.UIIT composed of TANKS) and the unit's

ammunition listing (PLT.AMMO composed of PCL.V.ITERS).

SUPPLY.OFFICER. Used tc model a battalion supply officer's

thought process. Owns the following sets:

S.kMMO(SUPPLY ARRUNITION). Contains the various

ammunition types (SCL.V.ITBHS) which each supply

officer must stock.
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S.UNIT(SUPPLY UNIT). Contains the unit's supply

vehicles (TANKs).

SWANT.LIST(SUPPLY WANT LIST). Contains the unit's

outstanding requisitionsRES.REQ) that must be

filled.

SCONVOY(SUPPLY CONVOY). Set of ELEMENTS which make up a

convoy. ELEMENTS, in turn, is composed of a set of

supply vehicles(TANKS) designated for a supply

mission.

CCL.V.ITEM(COMPANY CLASS V ITEM). Holds information for a

company about a particular ammo type owned by the unit.

Belongs to the set C.AMMO.

CONVOY. Holds information as to the type and amount of

supplies being sent to a particular unit. Owns ELEMENTS

which make up a convoy. ELEMENTS, in turn, owns the

trucks (TANKS) that have been designated to carry the

supplies.

PCL.V. ITEM(PLATOON CLASS V ITEM). Holds information for a

platoon about a particular ammo type used by the unit.

Belongs to the set PLT.AAMO.

1
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RES.REQ(RESUPPLY.REQUISITION). Models a present day

:aquisition form. Provides information between users

and the supply system. A RES.REQ is used to hold

requirements information for a variety of purposes

through its membership in various sets. These are:

C.WANT.LIST. Company information owned by a

COMPA NY. COMMANDER.

SWANT.LIST. Supply information owned by a

SUPPLY. OFFICER.

C.CGO.LIST. Convoy cargo list owned by a CONVOY.

SCLV.ITEM (SUPPLY CLASS V ITEM). Holds information for a

supply unit about a particular ammo type used by the

unit. Belongs to the set S.AM O.

T.CGO(TRUCK CARGO). Holds information concerning the

supplies loaded on a truck. Belongs to the set CARGO.

TANK(*). Represents any vehicle or weapon system on the

battlefield. Used to distinguish individual vehicles as

to type and function. Tanks belong to several

listinguishing sets:

TNK.ALIVE(TANK ALIVE) (*). Owned by the system this set

keeps track of the alive/dead status of individual

TA IKs.
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PLAT.UNIT(PLATOON UNIT) . Combat systems and vehicles

belong. Owned by a PLATOON.LEADER.

S.UNIT(SUPPLY UNIT). Supply vehicles only belong to this

set which is owned by a SUPPLY.OFFICER.

M.ELEMENTS. Specifies membership in a CONVOY.

4. Attributes

Per manent Atribu tes__aTGR

N.CCL.V.ITEMS(NUMBER OF COMPANY CLASS V ITEMS).

COMPANY.COMRANDER attribute specifying the number of

ammunition types(CCL.V.ITEMS) used by the company.

N.PCL.V.ITEMS(NUMBER OF PLATOON CLASS V ITEMS).

PLATOON.LEADER attribute specifying the number of

ammunition types(PCL.V.ITEMS) used by the platoon.

N.SCL.V.ITEMS(NUMBER OF SUPPLY CLASS V ITEMS).

SUPPLY.OFFICER attribute specifying the number of

ammunition types(SCL.V.ITEMS) used by the battalion

supply officer.

PCO.CDR(PLATOON COMPANY COMMANDER). Specifies a platoon's

commander.

REQN(REQUISITION). Attribute of a COMPANY.COMBANDER

specifying the total number of resupply requests filed

by a commander.
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SCO.CDR(SUPPLY COMPANY COMMANDED). Specifies a supply unit's

commander.

S4.OFF(S 4 OFFICER). Attribute of a COMPANY.COMMANDER

specifying the unit's supply officer.

TemPoraryAttrib2utesj4L~PHj.

STATUS. Attribute of a RES.REQ indicating where the request

currently is. Its possible values are: TOS4, TOCO, and

TOATP.

CNOMEN(COMPANY NOSENCIATURE). Attribute of a CCL.V.ITEM

containing the nomemclature of a particular ammo.

PNOMEN (PLATOON NOMENCLATURE).

RNOMEN(RESUPPLY NOMENCLATURE). Attribute of a RES.REQ

specifying the requested ammo's nomenclature.

SNOMEN (SUPPPLY NOMENCLATURE). Attribute of a SCL.V.ITEM

specifying the requested amo's nomenclature.

TNOMEI (T.CGO NOMENCLATURE). Attribute of T.CGO containing

the name of the ammunition item carried.

Temporary AEtributLe L

AMMO1(*) (AMMUNITION 1). This variable is used as a shortened

form for kP.TOW ammunition.

AMHO2(*) (AMMUNITION 2). This variable is used as a shortened

form for HE.DRAG ammunition.
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ANNO3(*) (AMMUNITION 3). This variable is used as a shortened

form for AW1.OR.MSL3 ammo.

AMM04(*) (AMM1UNITION 4). This variable is used as a shortened

form for AW2.OR.ADM ammo.

AMMO5(*) (AMMUNITION 5). Actual on-hand balance of the fifth

ammo type fired by a TANK.

AMMO6(,) (AMMUNITION 6). actual on-hand balance of the sixth

ammo type fired by a TAYK.

AP.TOW(*) (ARMOR PIERCING/TOW) Actual on-hand balance of the

first ammo type fired by a TANK.

TAC(TANK AMMUNITION CODE). Supply code which points to a

specific ammunition fired by a TANK. Six are specified

on a TANK:

TACI(TANK AMMUNITION CODE 1). Contains the code value

for the first ammo type fired by a TANK.

TAC2 (TANK AMMUNITION CODE 2). Contains the code value

for the second ammo type fired by a TANK.

TAC3(TANK AMMUNITION CODE 3). Contains the code value

for the third aao fired by a TANK.

TAC4(TANK AMMUNITION CODE 4). Contains the code value

for the fourth amno fired by a TANK.
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TAC5(TANK AIMUNITION CODE 5). Contains the code value

for the fifth ammo fired by a TANK.

TAC6 (TANK AMMUNITION CODE 6). Contains the code value

for the sixth ammo fired by a TANK.

AW1.OR.MSL3(*) (ALTER WEAPON1 OR MISSILE3 AMMUNITION). Actual

on-hand balance for the third ammo fired by a TANK.

AW2.OR.ADM(-)(ALTER WEAPON2 OR AIR DEF MISSILE). Actual

on-hand balance for the fourth ammo fired by a TANK.

C.CMBT.LOSS(COMPANY COMBAT LOSS). Attribute of a CCL.V.ITEM

indicating whether the need for an amno type is still

viable.

C.MV.STATE(CONVOY MOVEMENT STATE). Indicates if a convoy has

left its start point. Equals "01 at the start point and

I1" if departed.

C.NUM.REQ(COMPANY NUMBER OF REQUESTS). Attribute of a

CCL.V.ITEM containing the total number of requests made

for that ammo type.

C.RND.CNTR(COMPANY ROUND COUNTER).Arguaent for the event

UP.COM.AMMO, points to the weapon system it is updating.

C.SHORT(COMPANY SHORTAGE). Attribute of a CCL.V.ITEM holding

the number of rounds the company is short for that round

type.
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CAC(COMPANY AMMUNITION CODE). Attribute of a CCL.V.ITEM

which points to a specific ammo type fired by the

company weapon systems.

CAMMO.LON(COHPANY AMMUNITION LEVEL OF NEED). Attribute of a

CCL.V.ITEM indexing the company's overall need for an

ammo type.

CCURR.LOAD(COMPANY CURREIIT LOAD). Attribute of a CCL.V.ITEM

holding the company commander's knowledge of the on-hand

balance for rounds of a particular type.

CO.B.LOAD(COMPANY BASE LOAD). Attribute of a CCL.V.ITEM

holding the total number of rounds the company needs to

be at optimal fill.

CO.CNVY(COMPANY CONVOY). Argument of event CO.RESUPPLY.LRE

(OMPkNY RESUPPLY ARRIVE) pointing to the CONVOY

arriving.

COCDR(COMPANY COMMANDER). Attribute of a TANK pointing to

its COMPANY.COMMANDER.

COLOR(*). Attribute of TASK indicating the TANK's force

membership.

"0" indicates RED FORCE

"11 indicates BLUE FORCE
CONTRKS(CONVOY T1AUCKS). Attribute of a CONVOY specifying the

number of vehicles in a particular convoy.
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CPNTR(CONVOY POINTER). Attribute of a T.CGO pointing to the

convoy the cargo is loaded on.

CRESUPPLY.REQ(COMPANY RESUPPLY REQUEST). Attribute of a

CCL.V.IT'EM indicating whether a RES.REQ has been

submitted previously.

CU.PKG(CUBE PACKAGE). Attribute of a SCL.V.ITEM specifying

the cube of an ammunition pallet.

DEMAND. Attribute of a SCL.V.ITEH holding the total demand

for an ammo type.

DISTR(DISTRIBUTOR). Argument for event REDISTRIBUTE pointing

to the unit's PLATOON.LEADER

FKILL(FIREPOWEB KILL) (*). Indicates whether a TANK has

sustained a firepower kill during the battle.

"0" indicates no

"1" indicates yes

MARCH.ORDER. Argument for the event MOVE holding the pointer

of the company receiving orders to move.

HE.DRAG(HIGH EXPLOSIVE/DRAGON AMMUNITION) (0). Actual on-haud

balance of the second ammo type fired by a TANK.

ISSUER. Argument of event UP.S4.AhMO pointing to the S-4

currently updating.

ISSUEE. Argument of event UP.S4.AMHO pointing to the company

initiating the request for resupply.
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KKILL(CATASTROPHIC KILL) (*). Indicates whether a TANK has

sustained a catastrophic kill during the battle.

"0" indicates no

"1" indicates yes

MANIFEST. Attribute of a RES.REQ pointing to the CONVOY

supplies are loaded on.

MAX.CUBE. Attribute of a TANK indicating its max cargo cube.

!IAX.WT. Attribute of a TANK indicating its max cargo weight.

MFKILL(ROBILITY/FIREPOWER KILL)(*). Indicates whether a TANK

has sustained mobility and firepower damage.

"0" indicates no

"I" indicates yes

MKILL(MOBILITY KILL) (*). Indicates whether a TANK has

sustained mobility damage.

"0" indicates no

"1" indicates yes

N.T.ALLOC(NUSBER OF TRUCKS ALLOCATED). Attribute of a

RES.REQ indicating the total number of trucks allocated

to move a RES.REQ.

NAME(*). Indicates the number of a TANK in the battle.

ONHAND. Attribute of a SCL.V.ITEN holding the balance

on-hand of stocks for an ammo type.

OH1(ON-HAUD 1). Current balance of ammunition I on a TANK.

OH2 (ON-HAND 2). Current balance of ammunition 2 on a TANK.

OH3(ON-HAND 3). Current balance of ammunition 3 on a TANK.
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0H4(ON-HAND 4). Current balance of ammunition 4 on a TANK.

OH5(ON-HAND 5). Current balance of ammunition 5 on a TANK.

OH6(ON-HAND 6). Current balance of amunition 6 on a TANK.

P.CMBT.LOSS(PLATOON COMBAT LOSS). Attribute of a PCL.V.ITEM

indicating whether the need for an aamo type is still

viable.

P.RND.CNTR(PLATOON ROUND COUNTER). Argument of event

UP.PLT.AMZO pointing to the platoon currently updating.

P.SHORT(PLATOON SHORTAGE). Attribute of a PCL.V.ITEM holding

the quantity of that ammo the platoon is currently

short.

P&C(PLATOON AMMUNITION CODE). Attribute of a PCL.V.ITEN

which points to a specific amo type fired by the

platoon.

PAHMO.LON(PLATOON AMMUNITION LEVEL Of NEED). Attribute of a

PCL.V.ITEN indexing the platoon's overall need for an

ammo type.

PCURR.LOAD(PLATOON CURRENT LOAD). Attribute of a PCL.V.ITEM

holding the platocn leader's knowledge of the on-hand

balance for rounds of a particular type.

PNOMEN(PLkTOON NOMENCL&TURE). Attribute of a PCL.V.ITEN

containing the nomemclature of a particular anmo.
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PL.B.LOAD(PLATOON BASE LOAD). Attribute of a PCL.V.ITEM

holding the total number of rounds the platoon needs to

b-3 at optimal fill for that type ammunition.

PLTLIR(PLATOON LEADER)(*). Attribute of a TANK.

POINTER(A). Contains the machine address of a particular

TANK.

RAC(RESUPPLY AMMUNITICN CODE). Attribute of an SCL.V.ITEM

which points to a specific ammo type carried by the

supply unit.

RCNVY(RESUPPLY CONVOY). Argument of event BN.ARRIVE pointing

to a specific convoy.

RDS.PKG(ROUNDS PACKAGE). Attribute of a SCL.V.ITEM

specifying the number cf rounds on an amo pallet.

REQUESTOR. Attribute of a RES.REQ pointing to the requesting

unit.

RFILL(RESUPPLY FILL). Attribute of a RES.REQ specifying the

amount of ammunition released to fill a request.

RND.CNTR(ROUND COUNTER). Argument of event UP.W.AMBO

pointing to the TANK currently updating.

RP(RELEASE POINT). Attribute of a CONVOY specifying its

destination.
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RPNTR(REQUEST POINTER). Attribute of a RES.REQ containing

its pointer value.

RRPNTR(RES.REQ POINTER). Attribute of T.CGO which points to

the RES.REQ the supplies are meant to fill.

RQTY(RESUPPLY QUANTITY). Attribute of a RBS.BEQ holding the

total quantity requested by a unit.

RAC(RESUPPLY AMMUNITION CODE). Attribute of a RES.REQ which

points to a specific asmo being requested.

SAC(SUPPLY AMMUNITION CODE). Attribute of a SCL.V.ITEM

pointing to the particula: amao carried by the supply

unit.

SCREEN. Attribute of a RES.REQ indicating whether a RES.REQ

has beeu looked at during an S-4 update.

SLOADi (STOWED LOAD 1). Attribute of a TANK specfying the

optimal load for aamo type 1.

SLOAD2(STOWED LOAD 2). Attribute of a TANK specfying the

optimal load for aaao type 2.

SLOAD3(STOWED LOAD 3). Attribute of a TANK specfying the

optimal load for ammo type 3.

SLOAD4(STOWED LOAD 4). Attribute of a TANK specfying the

optimal load for ammo type 4.
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SLOAD5(STOWED LOAD 5). Attribute of a TANK specfying the

optimal load for ammo type 5.

SLOAD6 (STOWED LOAD 6). Attribute of a TANK specfying the

optimal load for ammo type 6.

SP(START POINT). Attribute of a CONVOY specifying its

origin.

SPACE. Attribute of a CONVOY holding the amount of loading

space available on trucks in the convoy.

SPRIORITY(SUPPLY PRIORITY). Attribute of a RES.REQ

specifying the urgency of need for the ammo request.

SUPOFF(SUPPLY OFFICER) (*). Attribute of a resupply vehicle.

S!S.TYPE(SYSTEM TYPE) (*). Attribute of a TANK specifying the

general system type 6f the entity.

I TANK
2 Ngunted Infantry
3 Dismounted In antry
4 Altillery
5 r
6 Air Defense
7 Suppl
8 Comm/KW/Acq/Intel
9 Other

TCU(TRUCK CUBE). Attribute of a TANK holding the maximum

cube loaded on a truck.

TPNTR(TRUCK POINTER). Attribute of a T.CGO pointing to the

tzuck it is loaded on.

TQTY(T.CGO QUANTITY). Attribute of a T.CGO containing the

quantity loaded as cargo.
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TRAC(T.CGO RESUPPLY AMMO CODE). Attribute of T.CGO pointing

to the ammo type loaded as cargo.

TWT(TRUCK WEIGHT). Attribute of a TANK holding the maximum

weight it can carry.

TIME. Attribute of a RES.REQ containing the time a request

is initiated at the company.

WLONI(WEAPON LEVEL OF NEED 1). Weapon system urgency of need

AMMO1.

WLOV2(WEAPON LEVEL OF NEED 2). Weapon system urgency of need

ANNO2.

WLON3(WEAPON LEVEL OF NEED 3). Weapon system urgency of need

AMM03.

WLON' (WEAPON LEVEL OF NEED 4). Weapon system urgency of need

ANHO4.

WLON5(WEAPON LEVEL OF NEED 5). Weapon system urgency of need

&HMOs.

1LON6(WEAPON LEVEL OF NEED 6). Weapon system urgency of need

ANNO6.

WPN.TYPE(WEAPON TYPE)(*). Attribute of a TANK specifying the

specific weapon system within a SYS.TYPE(SYSTEM TYPE).

WT.PKG(WEIGHT PACKAGE). Attribute of a SCL.T.ITER specifying

the weight of a pallet of the ammo being considered.
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5. S1ts

The sets used in the model are listed and defined as

follows:

C.CGO.LIST(CONVOY CARGO LIST). Owned by a CONVOY. Members

are RES.REQs.

CO.AMKO(COMPANY A16UNITION). Owned by a COMPANY.COMMANDER.

Members are the unit's CCL.V.ITEMS.

CO.JNIT(COMPANY UNIT). Owned by a COMPANr.CONMANDER. Members

are unit PLATOON.LEADERs.

CARGO(TRUCK CARGO). Owned by a supply vehicle. Members are

the supplies(T.CGO) loaded.

CWANT.LIST (COMPANY WANT LIST). Owned by a COMPANY.COM3ANDER.

Attributes are the unit's outstanding resupply requests.

ELEMENTS. Owned by a convoy. Members are TANKs in the

convoy.

PLAT.UNIT(PLATOON UNIT). Owned by a PLAYOON.LEADER. Members

are unit combat vehicles.

PLT.AMHO(PLkTOON AMHUNITION). Owned by a PLATOON.LEADER.

Members are the platoon PCL.V.ITEMS.

S.AMMO(SUPPLY AMMUNITION). Owned by a SUPPLY.OFFICER.

Members are the supply unit's SCL.V.ITEMS.
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S.UNIT(SUPPLY UNIT). Owned by a SUPPLY.OFFICER. Members are

unit supply trucks.

SCONVOY(SUPPLY CONVOY). Owned by a SUPPLY.OFFICER. Members

are convoys dispatched by the supply unit.

SREQN.LIST(SUPPLY REQUISITION LIST). Owned by a

SUPPLY.O-?ICER. Members are the supply unit's

outstanding RES.REQs sent to the kTP.

SUP.OFP (SUPPLY OFFICER). Attribute of TANK pointing to its

supply officer.

SWANT.LIST(SUPPLY WANT LIST). Owned by a SUPPLY.OFFICER.

Members are RES.REQs from the combat units.

TNK.ALIVE(TANK ALIVE)(*). Owned by the system. Members are

vehicles still alive within the simulation.

The global variables used in the model are either

alpha, integer or real. An explanation of their use is as

follows:

NOMENI(NOBENCLATURE). Specifies the names of the rounds

played.
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CCODE(COMPANY CODE). Holds the pointer value for a company's

CCL. V. ITEMs

CNUM(COMPANY NUMBER)(*). Specifies the number of

COMPkNY.COMMANDERs created.

CSTREAM(COSPANY STREAM). Specifies the random number stream

used fcr company calculations.

N.SYS(NUMBER OF SYSTEMS). Specifies the number of weapon

systems created for the simulation.

N.TANKS(NUMBER OF TANKS). Specifies the number of vehicles

created for the simulation.

N.WPN.TYPES(NUMBER OF WEAPON TYPES). Specifies the number of

weapons created for the simulation.

PCODE(PLATOON CODE)(2-d). Holds the pointer value for a

platoon's PCL.V.ITEMs.

PNUM(PLATOON NUMBER)(*). Specifies the number of

PLATOON.LEADERS created for a simulation.

PSTREAM(PLATOON STREAM). Specifies the random number stream

to be used for platoon calculations.

RCODE(REQUEST CODE) (2-d). Holds the pointer value for

resupply requests created.

RSTREAM(RESUPPLY STREAM). Spezifies the random number stream

to be used for resupply calculations.
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SCODE(SUPPLY CODE) (2-d). Holds the pointer value for a

supply unit's SCL.V.ITEMs.

SNUM(SUPPLY NUMBER). Specifies the number of SUPPLY.OFFICERs

created for a simulation.

TSTREAM(TRIP STREAM). Specifies the random number stream to

be used for movement calculations.

WSTRZAM(WEAPON STREAM). Specifies the random number stream

to be used for weapon update calculations.

G21o2bP!_XVaRia bles_-1_9_L

B.END(BATTLE END). Holds the termination time for a day's

battle.

B.START(BATTLE START). Holds the beginning time for a day's

battlw.

C.LIPCT(CRITICAL LONi PERCENTAGE). [folds the maximum

percentage that LONi requisitions may be reduced to in

order to release space on a convoy for other critical

LONl and LO2 requests.

C.L2CU(CRITICAL LON2 CUBE). Holds the maximum percent of

cube that LON2 requisitions may be cut to in order to

release spacs on a convoy for other critical LONl and

LON2 requisitions.
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C.L2WT(CRITICAL LON2 WEIGHT). Holds the maximum percent of

weight that LON2 requisitions may be cut to in order to

release space on a convoy for other critical LONi and

LON2 requisitions.

CMAX(COMPANY MAXIMUM). The maximum time that can elapse

before a company will update its ammunition status.

CMIN(COMPANY MINIMUM). The minimum time that can elapse

before a company will update its ammunition status.

COMLON (COMPANY LEVEL OF NEED) (2-d). Array holding the value

of a COMPANY.COMMANDER's cutoff percentages for the five

levels of need which can be assigned. Dimensinned as

MAX.CL.V. ITEMS(MAX CLASS V ITEMS) by 5.

MAXTRIP(MAX TRIP). The maximum time required for a convoy to

reach its intended destination.

MINTRIP(MIN TRIP). The minimum time required for a convoy to

reach its intended destination.

PLTLON(PLATOON LEVEL OF NERD)(2-d). Array holding the value

of a PLATOON.LEADERS's cutoff percentages for the five

levels of need which can be assigned. Dimensioned as

MAX.CL.V.ITEMS (MAX CLASS V ITEMS) by 5.

PMAX(PLATOON MAXIMUM). The maximum time that can pass before

a platoon will update its ammunition status.
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PKIN(PLATOON MINIMUM) . The minimum time that can pass before

a platoon will update its ammunition status.

POD(PROBABILITY OF DAMAGE) (2-d). Array holding the

probability of damage for the various weapon types and

types of damage. Dimensioned N.WPN.TYPES(NUMBER OF

WEAPON TYPES) by 4.

POF(PROBABILITY OF FIRE) (2-d). Array holding the probability

of firing for the various weapon types and ammunitions

fired. Dimensioned N.WPN.TYPES(NUBBER OF WEAPON TYPES)

by 4.

ROF(RATE OF FIRE) (2-d). Specifies the rates of fire for the

six weapons of any weapon system. Dimensioned

N.WPN. TYPES(NUJBER OF WEAPON TYPES) by 6.

WMAX(WEAPON MAXIMUM). The maximum time that can pass before

a weapon will update its ammunition status.

WHIN(WEAPON MINIMUM). The minimum tine that can pass before

a weapon will update its ammunition status.

WPNLON(WEAPON LEVEL OF NEED) (2-d). Array holding the value

of a weapon system's cutoff percentages for the five

levels of need which can be assigned. Dimensioned as

MAX.CL.V. ITEMS(MIX CLASS V ITEMS) by 5.
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7. Li sti nq

1 PREAMBLE
2 DEFINE WPNLONPLTLON AND CONLON AS REAL,2-DIM ARRAYS
3 DEFINE ROF AS INTEGEA 2-DIM ARRAY
4 DEFINE NOMEN AS AN ALkHA,1-DId ARRAY
5 DEFINE PLACES AS A 2-DIM INTEGER ARRAY
6 11
7 DEFINE POD AS REAL 2-DIM ARRAY
8 GENERATE LIST ROUTINES
9 II
10 THE SYSTEM OWNS SOME TNK.ALIVE
11 oI
12 ''
13 PERMANENT ENTITIES
14 1
15 EVERY COMPANY.COMMANDER HAS AN N.CCL.V.ITEMS,
16 AN S4.OPF,A REQN,
17 OWNS A CO.UNIT,A CWANT.LIST,AND SOME CO.AMMO
18 DEFINE N.CCL.V.ITEMS,S4.OFF,REQN AS INTEGER
19 VARIABLES
20 It
21 EVERY PLATOON.LEADER HAS A PCO.CDR,AN N.PCL.V.ITEMS,
22 MAY BELONG TO A CO.UNIT,
23 AND MAY OWN A PLAT.UNIT,AND A PLT.AMMO
24 DEFINE PCO.CDR, N.PCL.V.ITEMS AS INTEGER VARIABLES
25 I
26 EVERY SUPPLY.OFFICER HAS A SCO.CDR A N.SCL.V.ITEMS,
27 OWNS SOME S.AMMO AN S.UNIT AN SWAfiT.LIST,
28 AN SREQN.LIST AAD AN SCONV6Y
29 DEFINE SCO.CDh, N.SCL.V.ITEMS AS INTEGER VARIABLES
30 It
31 It
32 TEMPORARY ENTITIES
33 Of
34 EVERY TANK HAS A NAME A COLOR A SYS.TYPE,A WPN.TYPE,
35 A POINTER,AN AP TOW Ai HE. DRAG AN AMi.OR.MSL3,
36 AN AW2.OR.ADM AN AMAO5.AN AMOA
37 A SLOAD1,A SL6AD2 A SL6AD3 A SL6AD4 A SLOADS
38 A SLOAD6 AN OH,Af O2 AN 6H3 AN ON4 AN OH5 IN OH6,
39 A WLON1,i WLON2,A WLON3,A WLO§4,A WL6N5,A WLON6
40 AN TACi AN TAC2 AN TAC3 AN TAC4,AN TAC5 AN TAC6,
41 A PLTLDA A COCDfA SUPOJF,A MAX. WT,A MAL.CUBE,
42 A TWT A TCU
43 AN MKILL,AN FKILL,AN MFKILL,A KKILL,
44 AND MAY BELONG TO A TNK.ALIVE A PLAT.UNIT,A S.UNIT,
45 AND A ELEMENTS,AND MAY OWN SOME CARGO
46 It
47 DEFINE N.TANKS AS AN INTEGER VARIABLE
48 DEFINE NAME COLOR SYS. TYPEWPN.TYPE SUP OFF, POINTER,
49 A?.TOW,lE.DiAGoAWi.OR.MSL3 AW2.OR. AbM6AiMO5,AMMO6,
50 SLOADI SLOAD2 SLOAD3 SLOAD04 ,SLOADs, SLAD6,
51 OHI OH2 OH3 Ofi4 OHS 6H6,
52 WLOftl WLON2 WLO3 .WLON4 WLON5,WLON6,
3 TACI °AC2 TIC3 TA64,TAC5 TAC6
4 PLTLDR COCDR, S6POFFMAX.WT,MAl.CUBE,

55 TWT TCU
56 MRILLFKILL,MFKILLAND KKILL AS INTEGER VARIABLES
57 '
58 EVERY T.CGO HAS A TPNTR A RRPNTR, A TI., A TNOMEN,
59 A TQY,AND MAY BELONG T6 A CARGO
60 DEFINE TPNTR RRPNTRTRAC TQTY AS INTEGER VARIABLES
61 VFINE TNOMEfi AS AN ALPH1 VARIABLE62
63 EVERY CONVOY HAS AN SP AN RP A CONTEKS A SPACE
64 A C.MV.STATE,A CPNTR,MIY BEL6NG TO A S6ONVOY,MiY OWN
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65 SOME ELEMENTS AND A C.CGO.LIST
66 DEFIVE CPNTR §P RP SPACEC.MV.STATEAND CONTRKS AS
67 INTEGER VARIIBLES
68 "
69 EVERY PCL.V.ITEM HAS A PACA PNOMEN A PL.B.LOAD
70 A PCURR.LOAD A PANMO.LON,A P.CMBT.L6SS,A P.SHORT,AND
71 MAY BELONG T6 A PLT.AMMO
72 DEFINE PAC PL.B.LOAD PCURR. LOAD
73 PA11O.LON,§.SHORT,P.6MBT.LOSS AS INTEGER VARIABLES
74 DEFINE PNOMEN AS AN ALPHA VARIABLE
75 It
76 EVERY CCL.V.ITEM HAS A CAC A CSOMEW A CO.B.LOAD,
77 A CCURR.LOAD A C.MUM.REQJ I CAMMO.LON A C.SHORT,
78 A C.CMBT.LOS§,AND MAy BEL6NG TO A CO.IMMO
79 DEFINE CAC, CO.B.LOAD CCURR. LOAD C.NUM.REQN,C.SHORT,
80 C.CMBT .LOSS CAMMO.LOI AS INTEGE& VARIABLES
81 DEFINE CNOMEN AS AN ALPHA VARIABLE
82 11
83 EVERY SCL.V.ITEM HAS AN SAC,AN SNOMENA VT.PKG,
84 A CU.PKG A RDS.PKG,A DEHiNDAN ONHANDAND
85 BELONGS TO AN S.AMMO
86 DEFINE SAC RDS.PKGDEMANDONHAND AS
87 INTEGER VARIABLES
88 DEFINE SNOREN AS AN ALPHA VARIABLE
89 DEFINE WT.PKG,AVD CU.PKG AS REAL VARIABLES
90 to
91 EVERY RES.REQ HAS A REQUESTOR A RQTY A RAC
92 AN R308E AN SPRIORIT! A STATHS A TIME AN &FILL
93 AN N.T.ALLOC A MANIFEST A SCREEN AN RPTRAND dly
94 BELONG TO A 6.CGO.LIST I CEANT.LIST.
95 AN SREQN.LISTAND AN SkANT.LIST
96 DEFINE REQ ESTOR RQTY RAC SPRIORITY MANIFEST
97 RPNTR SCREEN BFILL N.I.AtLOC AS INTAGER VARIIBLES
99 DEFINE TIME Is A RHAL VARIABLE
100 DEFINE STATUS AS AN ALPHA VARIABLE
181 DEFINE RNOMEN AS A ALPHA VARIABLE

103
104 ' GENERAL DEFINITIONS
105 It

DEFINE PNUN CNUMSNUM,IISTREAN PSTREAB,CSTREAE,
TSTREAN RSTAEAd N SYSAND N.WPN.TYPES

108 AS INTE6 ER VARIiBLES
109 DEFINE WMIN,WMAX PfI N, PAi. CAIN CMAX
110 HINTRIP AND MAXTAIP AS REAL VARIABLES
111 DEFINE 6.START AND B.END AS REAL VARIABLES
112 DEFINE SWANT.LIST AS A SET RANKED BY LOW SPRIORITY,
113 THEN BY LOW TINE
114 DEFINE PCODE AS AN INTEGER,2-DIN ARRAY
115 DEFINE CCODE AS AN INTEGER,2-DIM ARRAY
11 DEFINE SCODE AS AN INTEGER,2-DIM ARRAY
11 DEFINE RCODE AS AN INTEGER 2-DIM ARRAY
118 DEFINE ARM01 TO MEAN AP.T6 W
119 DEFINE AMM02 TO MEAN HE.DRAG
120 DEFINE AMlO3 TO HEAN AN1.OR.NSL3
121 DEFINE AMMO4 TO MEAN AM2.OE.ADM
122 DEFINE C.L2VT C L2CU,C.L2PCT,C.L1PCT
123 AS REAL VARIABLES
124 1'
1 6 , EVENT NOTICES

127 ''
128 EVENT NOTICES INCLUDE STOP.SIMULATION,B.UP.DATE,
129 AND BAT.L.TIMP
130 EVERY UP.W.AMBO HAS A RND.CNTR
131 EVERY UP.PLT.AMMO HAS A P.RND.CNTR
132 EVERY UP.COM.ANBO HAS A C.RND.CNTR
133 EVERY UP.S4.AAMO HAS A ISSUER, AND AN ISSUEE
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134 EVERY MOVE HAS A MARCH.ORDER
135 EVERY CO.RESUPPLY.ARR HAS A CO.CNVY
136 EVERY BN.ARRIVE HAS AN RCNVY
137 EVERY REDISTRIBUTE HAS A DISTR
138 EVERY FIREKILL HAS A VICTIM
139 DEFINE VICTIM RND CNTR P.RUD CNTR C. RND. CNTR,ISSUER,
140 ISSUEE CO. CNVf fMARCH.ORDER,RCNVY,AND DISTR
141 AS INTEGER VARIABLES

B. "MAIN"

The purpose of the main program is to call routines that

create blue forces, to schedule the events that generate

data, and to start/stop the simulation.

EVENT NOTICES

B.UP.DATE(BATTLE UPDATE), BAT. L.TIME(BATTLE TIME),

STOP. SIMULATION

RECURSIV AZ E (BE~i ALL

SIM.STOP Holds the time for simulation termination.

BLU.CREATE

ZROGjjI LISTIJIG

I MAIN
2 It
3 DEFINE SIM.STOP AS A REAL VARIABLE
4 READ SIM.STOP
5 SCHEDULE A STOP.SIMULATION IN SIM.STOP DAYS
6 SKIP 2 CARDS
7 CALL BLU.CRZATE
8 SCHEDULE A BAT.L.TIME NOV
9 SCHEDULE A B.UP.DATE NOW
10 PRINT 1 LINE THUS

START SIMULATION
11 START SIMULATION

1iSTOP1~ END
Sin"iATI 0N Xo .j.

Line 3 Defines recursive variables used in the routine.
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Line 4 Reads simulation stop time.

Line 5 Schedules the event STOP.SIMULATION.

Line 7 Calls routine BLU.CREATE.

Line 8 Schedules the first BLT.L.TIME event.

Line 9 Schedules printing of the first battle summary.

Line 10 Prints a statement to mark simulation start.

Line 11 System command to start the simulation.

C. "ROUTINE BLU.CBEATE"

Routine BLU.CREATE is called from the main program to

create the entities of each blue unit. After creating these

entities, it establishes their attributes and files each

entity in its appropriate set.

UP. V. &HMO(UPDATE WEAPON AMMO).

GLOBAL VRIABZ§I JIGER

CNUM(COMPANY NUMBER). Specifies the number of

COMPANY.COHMANDERS cteated.

CSTRELM(COMPANY RANDOM NUMBER STREAM).

N.CONPkNY.COMRANDERS(NUMBER OF COAPANY COMMANDERS).

N.PLATOON.LEADERS(NURBER OF PLATOON LEADERS).

V.SUPPLY.OFXCERS(NUMBER OF SUPPLY OFFICERS).

N.TANKS(NUMBE- OF TANKS).

PNUM(NUMBER OF PLATOONS).

ii
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PSTREAM(PLATOON RANDOM NUMBER STREAM).

SNUM(NUMBER OF SUPPLY OFFICERS).

GLOBAL VARIABLgS._jEE.IA]

CMAX(COMPANY MAXIMUM). The maximum time that can pass before

a company will update its ammunition status.

CNIN(COMPANY MINIMUM). The minimum time that can pass before

a company will update its ammunition status.

PMAX(PLATOON MAXIMUM). The maximum time that can pass before

a platoon will update its ammunition status.

PMIN(PLATOON MINIMUM). The minimum time that can pass before

a platoon will update its ammunition status.

WEAX(VEAPON MAXIMUM). The maximum time that can pass before

a weapon will update its ammunition status.

WMIN(WEAPON MINIMUM). The minimum time that can pass before

a weapon will update its ammunition status.

PERM NT & NT1

COMPANY.COMMANDER, PLATOON.LEADER, SUPPLY.OFFICER

PERMANENT ATT RIB, _Eg__=21AL

N.CCL.V.ITEMS. Number of company class V items (unique to a

company commander).

N.PCL.V.ITEMS. Number of platoon class V items(UNIQUE TO A

PLATOON LEADER).
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N.SCL.V.ITEMS. Number of supply class V items(UNIQUE TO A

SUPPLY OFFICER).

PCO.CDR. (PLATOON COMPANY COMMANDER).

SCO.CDR. (SUPPLY COMPANY COMMANDER).

54.0FF.(COMPANY S-4 OFFICER)

I - Loop index.

BASIC. LOAD, PARAMETERS

CO.UNIT(COMPANY UNIT). Owned by a COHPANY.COHMANDER.

Members are the unit's PLATOON.LEADERs.

PLAT.UNIT(PLATOON UNIT). Owned by a PLATOON.LEADER. Members

are the unit's combat vehicles(TANKs).

S.UNIT(SUPPLY UNIT). Owned by a SUPPLY.OFFICER. Members are

the unit's supply vehicles(TANKs).

TNK.ALIVE(TANK ALIVE). Owned by the system. Members are

vehicles still alive within the simulation.

TANK. A temporary entity used to represent all vehicles on

the battlefield. Its attributes distinguish the

individual vehicles as to type and function.

zUUMRY kzzRI~i~ALmil1
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AMMIO5 (AMMUNITION 5).

AMMO6 (AMMUNITION 6)

AP.TOW(ARMOR-PIERCING/TOW). Ammunition 1.

TAC1.(TANK AMMUNITION CODE 1).

TAC2.(TANK AMMUNITION CODE 2).

TAC3. (TANK AMMUNITION CODE 3).

TAC4. (TANK AMMUNITION CODE 4).

TAC5. (TANK AMMUNITION CODE 5).

TAC6. (TANK AMMUNITION CODE 6).

AWI.OR.MSL3(ALTERNATE WEAPON 1 OR MISSILE 3). Ammunition 3.

AW2.OR.ADR(ALTERNATE WEAPON 2 OR AIR DEZENSE MISSILE).

Ammunition 4.

COCDR(COMPANY COMMANDER). Of a TANK.

COLOR This attribute of a TANK indicates the TANK's force

membership. "O" indicates RED FORCE, "1" indicates BLUE.

HE.DRAG(HEAT/DRAGON ROUNDS). Ammunition 2.

MAX.CUBE. Indicates the max cargo cube a resupply

vehicle(TANK) is designed to move.

MAX.WT. Indicates the max cargo weight a resupply

vehicle(TANK) is designed to move.

NAME. Indicates the number of a TANK in the battle.

PLTLDR (PLATOON LEADER). Of TANK.

POINTER. Combat vehicle's machine address.
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RND.CNTR(ROUID COUNTER). Argument of routine W.AMMO(WEAPON

kASMUNITION) carrying the value of the TANK updating.

SLOADi (STOWED LOAD 1) . Optimal load ammo type 1.

SLOAD2 (STOWED LOAD 2). Optimal load ammo type 2.

SLOAD3 (STOWED LOAD 3). Optimal load aao type 3.

SLOAD4(STOWED LOAD 4). Optimal load ammo type 4.

SLOADS(STOWED LOAD 5). Optimal load ammo type 5.

SLOAD6 (STOWED LOAD 6). Optimal load ammo type 6.

SUPOFF(SUPPLY OFFICER). Of TANK.

SYS.TYPE(SYSTER TYPE). Of TANK.

TWT(TRUCK WEIGHT). Maximum cargo weight for a vehicle.

TCU(TRUCK CUBE). Maximus cargo cube for a vehicle.

WPN.TYPE(WEAPON TYPE). Of TANK.

"OB&L VA RIABE.jNTLGjR1

NSTREAM(WEAPON RANDOM NUMBER STREAM).

"0,1L (INT EGE1j

RND.CNTR(ROUND COUNTER). Argument of routine W.AMNO(WEAPON

ASHUNITION) carrying the value of the TANK updating.

P ROGR~AM ISTJi

1 ROUTINE BLU.CREATE
2 It
3 DEFINE I AS AN INTEGER VARIABLE
4 PRINT I LINE THUS

ROUTINE BLU. CREATE
5 ft
6 READ W1IN WNA1,ISTREAH
7 SKIP 2 CAiDS
8 READ PRIN PRAX,PSTREAN
9 SKIP 2 CADS

10 READ CRINCNAXCSTREAR

(
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11 SKIP 2 CARDS
12 LIST WHIN,iAX,WSTEAM,PMIN,PMAX,PSTBAMI

&13 LIST CMINCMAX,CSTREAM
14 is
15 READ CNUM PNDmSNUm
16 SKIP 2 CkfiDS
17 LIST PNOM CNUM SNUM
18 CALL PARA&ETEHi
19 LET N.CONPANY.COMMANDER - CNUM
20 CREATE EVERY COMPANY.COMMANDER
22 FOR EVERY COMPINY.COMMANDER DO
23 READ W.CCL.V.ITEIIS (COMPANf.COHBANDER)
24 READ S4 OFF (COMPANY.COMMANDER)
25 LIST N .CCL. I ITEMS (COMPANY.COM MANDER)
26 LIST S4. OFF (COMIPANY I COMMIANDER)
27 LOOP
28 SKIP 2 CARDS
29 LET N.PLATOON.LEADER = PNUM
30 CREATE EVERY PLATOON.LEADER
31 FOR EVERY PLATOON.LEADER DO
32 READ PCO.CDR(PLATO0NMLADZR)
33 READ N.PCL.V.*ITESS(PLATOON. LEA DEE)
34 LIST PCO.CDR(PLATOON.LED LADER)35 LIST I.PCL.V.ITEMS (PLATOON.LEDR
36 FILE PLATOON.LEADE
37 IN CO.UNIT(PCO.CDR (PLATOON.LEADER))
38 LOOP
39 SKIP 2 CARDS
40 LET N.StJPPLY. OFFICER =SNUM
41 CREATE EVER! SUPPLY.OFFICZR
42 FOR EVERY SUPPL!.OFFICER DO
43 READ SCO.CDR(StJPPLY.OFfrICER6I R44 READ N.SCL.V.*ITEMS (SUPPLY.OFIC0
45 LIST SCO.CDR(SUPPLY .OPFICERIER
46 LIST N.SCL.V.ITEMS(SUPPLY.OF1CR
47 SKIP 3 CARDS
48 LOOP
49 CALL 3ASIC.LOAD
50 SKIP 2 CARDS

52 READ N.TANKS SKIP 3 CARDS
53 FOR I - 1 TO N.TANKS, DO

54 CREATE A TANK
55 READ NAME (TANK) COLORM(ANK) ,SYSTYPE TANK),

WPN.TYPE (TINK1 IP.TOW (TANK) HE DRAG( (TNK),
AVI.RML3 (T ),AV2.OR.A STANK),

58 ANNO5 (TANK) kffBO6 (TANK),59 SLOA TN) SLOI02(TANK) SLOAD31(TANK)
6? SA4TkNfi 4 LTANK Tf UK SLOAD6~~ TANOK(TNK

62 0f6 TAX~ TAN ~TAN~~ TA4C2 TAIk ,TAC3 (TANK),
63 TAC4 (TANK) TAC5(TANK)TAC6 (TANK)~AK)
64 PLTLDR TANk ICOCDRSTANK) SUPOFF(IN)
65 MAX.W TAK MA.C UBE4T IK)

IFFIF S.TYPR(IANK) EQ
6 FLE TANK IN S.UNIT(bUPOFF (TANK))

68 ALWAYS
69 IF SYS.TYPE(TANKL NE 7 TN'
70 FILE TANK IN PLAT.UUITIPLTLDR4TA~j
71 SCHEDULE AN UP.V.kAliO(TAUK) IN 1 AINUTE
72 ALWAYS
73 FILE TANK IN TlK.ALUE
74 LET POINTER (TANK) TANK
75 LET TCU (TANK) 11A;VT (TANK)
76 LET TVT (TANK) A X.CUE(TANK)
77 SKIP 2 CARDS
78 LOOP
79 RETURN
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80 END

EXLQA ! O S O E

Line 3 Defines recursive variables for the routine.

Line 4 Prints message to mark the start of the routine.

Lines 6-13 Read and print out data establishing min and max

times entiti.es will check their ammo status as well as

random number streams for calculations.

Lines 15-17 Establish the number of company commanders,

platoon leaders, and supply officers to be created in

the simulation and print out the information input.

Line 18 Calls routine PARAMETERS.

Lines 19-27 Create the specified number of company

commanders, and read the attributes of each and print

the information.

Lines 29-38 Create the specified number of platoon leaders,

read their attributes, file them in appropriate sets and

print the information.

Lines 40-48 Create the specified number of supply officers,

read their attributes, file them in appropriate sets and

print the information.

Line 49 Calls routine BASIC.LOAD.
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Line 52 Reads the number of TANKs to be created for the

ksimulation.

Lines 53-78 Create the specified number of TANKs read their

attributes, file them in appropriate sets and print the

information.

Line 71 Schedules an UP.W.AMMO event for each TANK to

initially set ammunition status.

D. "ROUTINE PARAMETERS"

Routine PARAMETERS is called from routine BLU.CREATE to

reserve space for and read values into the following arrays:

WPNLON, COMLON, NOMEN, ROF, POF, and POD. Additionally the

critical cutoff values for supply action(C.L2WT, C.L2C,

C.L2PCT, and C.L1PCT), the trip times to and from the supply

points(MINTRIP and MAXTRIP), and the random number streams

TSTREAM and RSTREAM are established.

GLOB _A _ jvA i_1" ,HJA

NOMEN(NOBENCLATURE).Array specifying the name of rounds

played.

.oL .VA B, ( "A

CNUN(COMPANI NUMBER). Specifies the number of

COMPANY.COMHANDERs created.
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RCODE(RESUPPLY CODE) (2-d). Holds the pointer value for a

supply unit's SCL.V.ITEMs(SUPPLY CLASS V ITEMs).

ROF(RATE OF FIRE) (2-d). Specifies the rates of fire for the

six weapons of any weapon system.

RSTREAM(RESUPPLY STREAM). Specifies the random number stream

to be used for resupply calculations.

TSTREAMK(TRIP RANDOM NUMBER STREAM).

2LOBALV (AL

C.LlPCT(CRITICAL LONi PERCENTAGE). Holds -he maximum

percentage that LONi requisitions may be reduced to in

order to release space on a convoy for other critical

LON1i and LON2 requests.

C.L2CU(CRITICAL LON2 CUBE). Holds the maximum percent of

cube L092 requisitions may be cut to in order to release

space on a convoy for other critical LONi and LON2

requisitions.

C.L2PCT(CRITICAL LON2 PERCENTAGE). Holds the maximum

percentage that LON2 requisitions may be reduced to in

order to release space on a convoy for other critical

LONl and LON2 requests.

C.L2.WT(CRITICAL LO2 WEIGHT). Holds the maximum percent of

cube LO2 requisitions may be cut to in order to release

149



space on a convoy for other critical LONi and LON2

requisitions.

COMLON (2-d) (COMPANY LEVEL OF NEED).

MAXTRIP(MAX TRIP). The maximum time required for a convoy to

=each its intended destination.

MINTRIP(MIN TRIP). The minimum time required for a convoy to

reach its intended destination.

PLTLON(2-d) (PLATOON LEVEL OF NEED).

POD (2-d)(PROBABILITY OF DAMAGE). For all weapon systems

played.

POF(2-d) (PROBABILITY OF FIRE). For all weapon systems

played.

WPNLON (2-d) (WEAPON LEVEL OF NEED).

RECURS R V_ jJAB_ S. JNT Ell

MAX.CL.V.ITEMS(MAX NUMBER OF CLASS V ITEMS PLAYED).

N.WPN.TYPES(NUMBER OF WEAPON TYPES).

PROGRAM LISTING

I ROUTINE PARAMETERS
2 11
3 PRINT I LINE THUS

ROUTINE PARAMETERS
4 DEFINE MAX.CL.V. ITEMS AND N.WPN.TYPES
5 AS AN INTEGER VARIABLES
6 READ MAX.CL.V.ITEMS
7 LIST MAX.CL.V.ITEMS
8 SKIP 3 CARDS
9 if

10 RESERVE WPNLON(*,*) AS M&X.CL.V.ITEBS BY 5
11 READ WPNLON
12 SKIP 3 CARDS
13 LIST WPNLON
14 RESERVE PLTLON(*,*) AS MAX.CL.V.ITEMS BY 5
15 READ SLTLON
16 SKIP CARDS
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17 LIST PLTLON
18 RESERVE COMLON(*,*) AS MAX.CL.V. ITEMS BY 5
19 READ CONLON
20 SKIP 2 CARDS
21 LIST CO.LON
22 #1
23 RESERVE NOMEN(*) AS MAX.CL.V.ITEMS
24 READ N# &EN
25 SKIP 2 CARDS
26 LIST NOMEN
27 60
28 READ N.WPN.TYPES LIST N.W"N.TYPES

SKIP 3 CARDS
31 RESERVE ROF AS N.WPN.TYPES BY 6
32 READ ROF
33 SKIP 3 CARDS
34 LIST ROF
35 tt
36 RESERVE POF AS N.WPN.TYPES BY 6
37 READ POF
38 SKIP 3 CARDS
39 LIST POF
40 It
41 RESERVE POD AS N.WPN.TYPES BY 4
42 READ POD
43 SKIP 2 CARDS
44 LIST POD
45 1'
46 ''RESERVE AN ARRAY TO HOLD RESUPPLY REQUESTS
47 RESERVE RCODE(*,*) AS CNUM BY 6
48 Of
49 1' SET UP CRITICAL CUTOFF VALUES FOR 5-4
50 READ C. L2WT,C.L2CU,C.L2PCTC.L1PCT
5 LIST C.L2WT C.L2CU,C.L2PCTC.LlPCT

SKIP 2 CARDS
READ MINTRIP, AXTRIP,TSTREAK,RSTREAI

54 LIST MINTRIPMAXTIP,TSTREAM,RSTREAR
55 SKIP 2 CARDS
56 It
57 RETURN
58 END

EXPLA NATION- O2

Line 3 Prints a message specifying the start of the

routine.

Lines 4-5 Define recursive variables for the routine.

Lines 6-7 Read and print out the max number of ammunition

-ypes to be played in the simulation.

Lines 10-21 Reserve space for and read the threshold values

for the level of need played at the weapon, platoon, and

Vr company levels in the simulation.
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Lines 23-26 Reserve an array for and read in the

nomenclatures played.

Line 28 Reads the number of weapon types played.

Lines 31-44 Reserve space for, assign values to, and print

out the arrays used in the battle computations. These

arrays are: Rate of Fire; Probability of Fire; and

Probability of Damage.

Lines 46-47 Reserve space to hold values of resupply

requisitions created by each company in the simulation.

Lines 49-51 Read in the critical cutoff values for resupply

action. These values are: Critical LON2 weight;

Critical LON2 cube; Critical LON2 Percent; and Critical

LON1 percent.

Lines 53-54 Read in the min and max times required to

travel between the supply point and the company.

E. "ROUTINE BASIC.LOAD"

Routine BASIC.LOAD is called from routine BLU.CREATE to

create the base ammunition assets of all platoons,

companies, and supply officers in the model.

ZLT CALL ED

UP.COM.AKHO(UPDATE COMPANY AMMO).

UP.PLT.&MNO(UPDATE PLATOON AS5O).
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GLOBAL_V ARIja__L _A~ &A

NOMEN(NOMENCLATURE). Specifies name of round.

CCODE(COMPANY CODE) (2-d). Holds the pointer value for a

company's CCL.V.ITEMs(COMPANY CLASS V ITEds).

CNUM(COMPANY NUMBER). Specifies the number of

COMPANY.COMNANDERS created.

PCODE (PLATOON CODE) (2-d) . Holds the pointer value for a

platoon's PCL.V.ITEMs(PLATOON CLASS V ITEMs).

PNUM(PLATOON NUMBER).

SCODE(SUPPLY CODE)(2-d). Holds the pointer value for a

supply unit's SCL.V.ITEMs(SUPPLY CLASS V ITEMs).

SNUM(NUMBER OF SUPPLY OFFICERS).

PER M~ ZUITES4~jjL flL

N.CCL.V.ITEMS. Number of company class V items(UNIQUE TO A

CO MPANY. COM MANDER) .

N.PCL.V.ITEMS. Number of platoon class V items(UNIQUE TO A

PLATOON. LEIDER).

N.SCL.V.ITEMS. Number of supply class V items(UNIQUE TO A

SUPPLY.OFFICER) .

BECUIflE TARZAL LA INTAALk

C,I,P,S - Loop indicies.
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CO.AMMO(COMPANY AMMUNITION). Owned by a COMPANY.COMMANDER.

Members are the unit's CCL.V.ITEMS(COMPANY CLASS V

ITEMS)

PLT.AMMO(PLATOON AMMUNITION). Owned by a PLATOON.LEADER.

Members are the unit's PCL.V.ITEMS(PLATOON CLASS V

ITEMS)

S.AMMO(SUPPLY AMMUNITION). Owned by a SUPPLY.OFFICER.

Members are the unit's SCL.V.ITEMS(SUPPLY CLASS V ITEMS)

TEMPO ARY ZNTjl

CCL.V.ITEM. (COMPANY CLASS V ITEM).

PCL.V.ITEM.(PLATOON CLASS V ITEM).

SCL.V. ITEM. (SUPPLY CLASS V ITEM).

TEPO R 1j-UTES c(A.2A

C.RND.CNTR (COMPANY ROUND COUNTER). Argusent for event

P.COM.AMMO (UPDATE COMPANY AMMUNITION) holding a

pointer of a company unit.

CNOMEN (COMPANY NOMENCLATURE) . This attribute of a

CCL.V.ITEM(COMPANY CLASS V ITEM) contains the name of

the particular ammunition.

PHOMEN(PLATOON NOMENCLATURE). This attribute of a

PCL.V.ITEM(PLATOON CLASS V ITEM) contains the name of

the particular ammunition.
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SNOM-N(SUPPLY NOMENCLATURE). This attribute of a

SCL.V.ITEM(SUPPLY CLASS V ITEM) contains the name of ".he

particular ammunition.

CAC(COMPANY AMMUNITION CODE) .

ONHAND (INTEGER). This attribute of a SCL.V.ITEM(SUPPLY

CLASS V ITEM) holds the on-hand balance of stocks for an

ammunition.

P.RND.CNTR(PLATOON ROUND COUNTER). Argument of the event

UP.PLT.AMMO(UPDATE PLATOON AMMUNITION) carrying the

pointer value of the platoon currently updating.

PkC(PLATOON AMMUNITION CODE). Of a PCL.V.ITEM(PLATOON CLASS

V ITEM)

RDS.PKG(ROUNDS PER PACKAGE). Number packed per pallet of an

SCL.V. ITEM (SUPPLY CLASS V ITEM).

SAC(SUPPLY AMMUNITION CODE).

TEMPORAINAUAiILAL

CU.PKG(CUBE PACKAGE). Cube of ammo pallet for an SCL.V.ITEII

(SUPPLY CLASS V ITEM).

WT.PKG(VEIGHT PACKAGE). Weight of amno pallet for an

SCL.'V.ITEM (SUPPLY CLASS V ITEM).

1 ROUTINE BASIC.LOAD(2 DEFINE IP,S,AND C AS INTEGER VARIABLES
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3 PRINT 1 LINE THUS
ROUTINE BASIC.LOAD

4 $
5 "'SETUP PLATOON BASIC LOADS6 RESERVE PCODE41P *) AS PNUK BY
7 FOR P = I TO E N DO

RS RESERVE PCODE(PU,*) AS N.PCL.V.ITEMS(P)9 FOR I = 1 TO NPCL.V.ITES (P) DO
10 CREATE A PCL.V.ITEN CALLED kCODB(P,I)
11 LET PAC(PCODE(P.1)) =
12 LET PROMEN (PCODE(P, = NOMEN(I)
13 FILE PCODE (PI) P .A MO(P)
14 LOOP
15 SCHEDULE A UP.PLT.AMMO(P) IN 1 MINUTE
16 LOOP
17 '
18 "'SETUP COMPANY BASIC LOADS
19 RESERVE CCODE (,f) AS CNUM BY *
20 FOR C-1 TO CN U, DO
21 LIST C CNUK N CCL. V. ITES(C)
22 RESERVE CCOD (CNU*,*) AS N.CCL.V. ITEMS(C)
23 FOR I = I TO NCCL.V.ITEES(C), DO
24 CREATE A CCL.V.ITEM CALLED' CCODE(C,I)
25 LET CAC(CCODE(C I)) = I
26 LET CNOHEN(CCODh(CI)) = NOMEN(I)
27 FILE CCODE (CI) IN CO. AMO(C)
28 LOOP
29 SCHEDULE AN UP.COM.AMMO(C) IN I MINUTE
30 LOOP
31 ''
32 91 SETUP SUPPLY OFFICER BASIC LOADS
33 RESERVE SCODE (*) AS SNUB BY
34 FOR S=1 TO !5U1, DO
35 LIST S SNUBN • SCL.V.3TENS(S)
36 RESERVE SCODE(SNUM,*) AS N.SCL.V.ITEMS(S)
37 FOR I = 1 TO .SCL.V°ITENS(S) DO
38 CREATE A SCL.V.ITEM CALED SCODE(S,I)
39 LET SAC SCODE(S Ib) - I
40 LET SNO ENSCO Di .il a NoMR
41 READ ,T.PKG SCOD CU.PKG SODE
42 READ RDS.PK (SCODE (I ONHAD (SCODSI
43 FILE SCODE(S,I) INS51 6(S)
44 LOOP
45 LOOP
46 RETURN
47 END

Line 2 Defines recursive variables used in the routine.

Line 3 Prints a message marking the beginning of the

routine.

Line 6 Reserves the first index of the ragged array PCODE

as the number of platoons played in the simulation.
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PCODE will eventually hold the ammunition types used by

the platoon.

Line 7 Begins the outside loop over each Platoon.Leader for

the code segment which creates and stores the ammunition

carried by each platoon. Loop ends on line 16.

Line 8 Reserves the second index of the ragged array PCODE

to hold the number of aemo types carried by each

platoon.

Line 9 Begins the inside loop over each ammunition type

carried by a platoon. Loop ends on line 14.

LINE 10-13 Create each ammo type carried by a platoon,

reccrd its ammunition code and nomenclature, and file

the ammo type in the platoon leader's samo

stocks 4(PLT. AMMO}.

Line 15 Scheduiles the initial update for the platoon.

Line io& Reserves the first index of the ragged array CCODE

to the number of companies played in the simulation.

CCODE will eventually hold the ammunition types used by

the coupan7.

Line 20 Begins the outside loop over each company

commander, the code segment which creates and stores the

ammunition carried by each company. Loop ends on line

30.

(
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Line 22 Reserves the second index of the ragged array CCODE

to hold the number of ammo types carried by each

company.

Line 23-28 Begin the inside loop over each ammunition type

carried by a company. Loop ends on line 28.

Line 24-27 Create each ammo type carried by a company;

record its ammunition code and nomenclature; and file

the ammo type in the company ammo stocks(CO.AMMO).

Line 33 Reserves the first index of the ragged array SCODE

to the number of supply elements played in the

simulation.

Line 34 Begins the outside loop over each supply officer,

the code segment which creates and stores the ammunition

carried by each supply unit. Loop ends on line 45.

Line 36 Reserves the second index of the ragged array SCODE

to hold the number of ammo types carried by each supply

unit.

Line 37 Begins the inside loop over each ammunition type

carried by a supply unit. Loop ends on line 44.

Lines 38-43 Create each ammo type carried by a supply unit;

record its ammunition code, nomenclature, standard

package weight, standard package cube, number of rounds

(
158



per package, starting level, and file them in the supply

unitOs ammo stocks (S.AMMO)

P. "ROUTINE W.AMHO"

Routine W.&MHO is called by events UP.W.AMMO,

CO.RESUPPLY.ARE, and REDISTRIBUTE for each TANK in the model

in order to update each TANK's ammunition LON. An argument,

NO.BATTLE, is set to indicate whether battle information

should be obtained or if only a simple update is required.

Additionally a program indicator WFLAG, is set to provide

information on the system's status.

GU?!ENTS USED

A - Identifies the weapon system updating its ammunition.

NO.BATTLE. Indicates whether routine BATTLE should be

called.

"0" indicates no

"I" indicates yes

WFLAG. Weapon status indicator. If WFLAG=100 the weapon is

out of a particular ammunition this signals the platoon

to do an immediate update. If VFLAGul the TANK has been

knocked out of battle and should no longer update its

ammunition status.

MEINE TOHEAJ

A11HO1. AP.TOW(ARMOR PIERCING/TOM BOUNDS).

159



AMM02. HE.DRAG(HEAT/DEAGON ROUNDS).

A*AM03. AW1.OR.M4SL3(ALTERNATE WEAPON 1 OR MISSILE 3).

AMMO4. AW2.0R.ADM(ALTERNATE WEAPON 2 OR AIR DEFENSE

MISSILE).

QjiBoAL .VARI ABLES

WPNLON (2-d)(WEAPON LEVEL OF NEED).

TIME. 7

RECURSI YE VA~ALSI~jG~j.j

I - Loop index.

TEMP.LON(TEMPORARY LON). Place holder for LON computations.

TRY Routing indicator to the ammo type being updated.

PCT (PERCENT).

RO UTIN~ISCAkL ID

BATTLE

TZ EPORRY ATTRUTI_.flN-UGL

AEI05(AMMUNITION 5). Of a TANK.

AMM06(AHMUNITION 6). Of a TANK.

AP. TOW (ARMOR-PIERCING/TOV). Ammunition 1.

TACt. TANK AMMUNITION CODE 1.

TAC2. TANK AMMUNITION CODE 2.

TAC3. TANK AMMUNITION CODE 3.

1
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TAC4. TANK AMMUNITION CODE 4.

TACS. TANK AMMUNITION CODE 5.

TAC6. TANK AMMUNITION CODE 6.

AA1.OR.MSL3(ALTERNATE WEAPON I OR MISSILE 3). Ammunition 3

of a TANK.

AW2.OR.ADM(ALTERNATE WEAPON 2 OR AIR DEFENSE MISSILE).

Ammunition 4 of a TANK.

FKILL(FIREPOHER KILL). Indicates whether a TANK has

sustained a firepower kill during the battle.

"0" indicates no

"I' indicates yes

HE.DRAG(HEAT/DRAGON ROUNDS). Ammunition 2 of a TANK.

KKILL(CATASTROPHIC KILL). Indicates whether a TANK has

sustained a catastrophic kill during the battle.

"0" indicates no

"1" indicates yes

MKILL(MOBILITTY KILL). Indicates whether a TANK has sustained

a mobility kill during the battle.

"0" indicates no

"1" indicates yes

MFKILL(ROBILITY AND FIREPOWER KILL). Indicates whether a

TANK has sustained a mobility and firepower kill during

the battle.

N0" indicates no

"I" indicates yes

(OH1(ON-HAND 1). Current balance of ammunition I on a TANK.
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02 (ON-HAND 2). Current balance of ammunition 2 on a TANK.

OH3(ON-HAND 3). Current balance of ammunition 3 on a TANK.

OH4(ON-HAND 4). Current balance of ammunition 4 on a TANK.

OH5(ON-HAND 5). Current balance of ammunition 5 on a TANK.

O 56(ON-HAND 6). Current balance of ammunition 6 on a TANK.

POINTER Machine address of a TANK.

PLTLDR (PLATOON LEADER) Of TANK.

SLOAD1 (STOWED LOAD 1). Optimal load ammo type 1.

SLOAD2(STOWED LOAD 2). Optimal load ammo type 2.

SLOAD3 (STOWED LOAD 3). Optimal load ammo type 3.

SLOAD4 (STOWED LOAD 4). Optimal load amno type 4.

SLOAD5(STOWED LOAD 5). Optimal load ammo type 5.

SLOAD6 (STOWED LOAD 6). Optimal load ammo type 6.

%LON1(WEAPON LEVEL OF NEED 1). Urgency of need ammunition 1.

WLON2(WEAPON LEVEL OF NEED 2). Urgency of need ammunition 2.

WLON3(WEAPON LEVEL OF NEED 3). Urgency of need ammunition 3.

WLON4(WEAPON LEVEL OF NEED 4). Urgency of need ammunition 4.

WLON5(WEAPON LEVEL OF NEED 5). Urgency of need ammunition 5.

WLON6(WEAPON LEVEL OF NEED 6). Urgency of need ammunition 6.

UMPOBART EN Z.I

TANK

kR22AML11=ih

I ROUTINE W.AMMO GIVEN kkND NO.BATTLE YIELDING WFLAG
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2 DEFINE NO.BATTLE VFLAG TEMP.LON AS INTEGER V&2IABLES
3 DEFINE PCT AS A LEAL VARIABLE
4 DEFINE A TRY AND I IS AN INTEGER VARIABLES
5 PRINT 2 LINEA WITH TIME.V AND A AS FOLLOWS

EVENT W.AMMO CALLED AT TIME.V *$.****
WEAPON SYSTEM **** * UPDATING

6 It
7 IF NO.BATTLE EQ 0,
8 CALL BATTLE (A)
9 ALWAYS

10 IF FKILL(A) EQ 1 OR KKILL(A) EQ 1 OR MKILL(A) EQ 1
11 OR MFKIL.(A) ?Q 1
12 PRINT 2 LINES WITH POINTER(TANK) THUS

BATTLE DAMAGE ON TANK **,*** PREVENTS
AMO ASSESSMENT. SEQUENCE ENDED.

13 LET NFLAG = 1 '' BATTLE DAMAGE SUSTAINED
14 RETURN
15 OTHERWISE
16 of
17 "CAPTURE CURRENT INFOR&ATION FOR PLT.COMPUTATIONS.
18 LET 01 AMO A
19 LET 02( AlM02A
20 LET 0813 (Aa ANN3 (A)
21 LET 0114(A) AM04 (A)
22 LET 055 (A) AMMO A
23 LET 0116(A) ARK06 A

24 18' 111

25 "BEGIN LON COMPUTATIONS
26 LET PCT= AMMOI(A)/SLOADI1(A)
27 LET I= TACI (A)
28 LET TRY - 1
29 GO TO CHECK
30 e'1LET VLONI(A)=TEMP.LON

2 LET PCT- AMIo2 (A)/SLOAD2 (A)
33 LET I= TAC2 (A)
34 LET TRY - 2
35 GO TO CHECK
36 '2'LET VLON2(A)=TEBP.LON
37 It
38 LET PCT- A5103(A)/SLOAD3 (A)
39 LET I; TAC3 (A)
40 LET TR a 3
41 GO TO CHECK
412 '3'LET WLO3(A)-TERP.LON
43 Of
44 LET PCT; Ad04 (A)/SLOAD4-(A)
45 LET t T C4 (A)
46 LET TR -4
47 GO TO CHECK
48 '4'LET WLON4(A)-TEBP.LON
49 of
50 LET PCT- ARNO5(A)/SLOAD5(A)
51 LET I= TAC5(A)
52 LET TRY a 5
53 GO TO CHECK
5I '5'LZT WLON5(A)"TEMP.LON

6 LET PCT- ARM06 (A)/SLOAD6 (A)
7 LET I- TAC6 (A)

LET TRY - 6
GO TO CHECK

60 t6'LET VLO6(A)"TEBP.LOl
61 GO TO 7
62 ''
63 *CECK'
64 IF PCT GE VPLONII1),
65 LET THEP.LONa 5
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66 GO TO ROUTING
67 ALWAYS
68 of
69 IF PCT GE WPNLON(I,2),
70 LET TEHP.LON= I
71 GO TO ROUTING
72 ALWAYS
73 Of
74 IF PCT GE WPNLONfI,3),
75 LET TEMP.LON= 3
76 GO TO ROUTING
77 ALWAYS
78 Of
79 IF PCT GE WPNLON4I,4),
80 LET TEMP.LON= 2
81 GO TO ROUTING
82 ALWAYS
83 '
84 IF PCT GE WPNLONjI,5),
85 LET TEMP.LON=
86 LET WFLAG a 100
87 ALWAYS
88 'ROUTING' GO TO 1,2,3,4,5,6 PER TRY
89 '7'
90 RETURN
91 END

Lines 2-4 Define recursive variables used in the routine.

Line 5 Prints a iessage marking the start of the event and

identifying the weapon system updating.

Lines 7-9 Check if battle information should be obtained,

and call routine BATTLE to obtain this current

information.

Lines 10-15 Check if battle damage has been sustained,

print a message if damage has been incur=ed and end the

routine without action.

Lines 17-23 Update the current knowledge of the amo

situation on the weapon system.
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Lines 25-61 Sequentially address each ammo type carried on

a weapon system; determine a percent fill; temporarily

transfer control to 'CHECK' (line 63) in order to

determine the correct LON to be assigned; and assign an

LOI.

Lines 63-89 Receive a percent value from lines 25-61 and

match this percent to that type of weapon's LON array.

Pass the LON value determined back to lines 25-61 for

assignment.

G. "ROUTINE P.CLASS.V "

Routine P.CLASS.V is called by events UP.PLT.ANBO,

CO.RESUPPLT.ARR, and REDISTRIBUTE for each platoon played in

the model to update their ammunition LONs according to the

latest weapon LON information. Additionally, a program

indicator, P.LAG, is set to provide information on the

platoon's status.

J - Argument for routine P.CLASS.V specifying the platoon

currently updating.

PFLAG. Platoon status indicator:

PFLAG = 1 - indicates that the platoon is out of stock

for an ammo type and signals the company to update its

ammo status.
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PFLAG = N.PCL.'VITEMS - indicates that the platoon has no

need for more ammo. That is, the platoja's weapons

have been destroyed or damaged.

GLOBALVRAjA.jjGA

PCODE(PLATOON CODE)(2-d). Holds the pointer value for a

platoon's PCL.V.ITE~s(PLATOON CLASS V ITEMs).

TANK

PLTLON(PLATOON LEVEL CF NEED)(2-d).

TIME. V

PE RMjR11. j[

N.PCL.V.ITEMS.(YUNMER OF PLATOON CLASS V ITEMS). Unique to a

PLATOON. LEADER.

SEQjjSIVE

I - Loop index.

PCT(?ERCENT). Place hclder for calculations.

]ROUINE C LLRP

P.CLASS. V

PLAT.UNIT(PLATOON UNIT). Owned by a PLATOON.LEADER. Members

are the unit's combat vehicles(TANKs).
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TACt. TANK AMMUNITION CODE 1.

TAC2. TANK AUUNITION CODE 2.

TAC3. TANK AMMUNITION CODE 3.

TAC4. TANK AMMUNITION CODE 4.

TAC5. TANK AMMUNITION CODE 5.

TAC6. TANK AMMUNITION CODE 6.

FKILL(FIREPOWER KILL). Indicates whether a TANK has

sustained a firepower kill during the battle.

"0" indicates no

"1" indicates yes

KKILL(CATASTROPHIC KILL). Indicates whether a TANK has

sustained a catastrophic kill during the battle.

10" indicates no

"1" indicates yes

MKILL(MOBILITY S FIREPOWER KILL). Indicates whether a TANK

has sustained a mobility S firepower kill during the

battle.

"0" indicates no

,1 indicates yes

MKILL(ESOILITY KILL). Indicates whether a TANK has sustained

a mobility kill during the battle.

"0" indicates no

"I" indicates yes

OH1(ON-HAND 1). Current balance of ammunition 1 on a TANK.

OH2(ON-HAND 2). Current balance of ammunition 2 on a TANK.

OH3(ON-HAND 3). Current balance of ammunition 3 on a TANK.
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04(ON-HAND 4). Current balance of ammunition 4 on a TANK.

OH5(ON-HAND 5). Current balance of ammunition 5 on a TANK.

O6(ON-HAND 6). Current balance of ammunition 6 on a TANK.

P.SHORT(PLATOON SHORTAGE). Current shortage of a PCL.V.ITEN

(PLATOON CLASS V ITEM). Unigue to each platoon and ammo

type.

P.CSBT.LOSS(PLATOON COMBAT LOSS). Indicates that the loss of

a platoon weapon system negates the need for this amao

type.

PAMMO.LON(PLATCON ARMO LEVEL OF NEED). Unique for each

platoon and ammo type.

PCURR.LOAD(PLATOON CURRENT LOAD). On-hand balance of ammo.

Unique for each platoon and weapon type.

PL.B.LOAD(PLATOON BASIC LOAD). Optimal load for a PCL.V.ITEM

(PLATOON CLASS V ITEM).

SLOADi (STOWED LOAD 1). Optimal load ammo type 1.

SLOAD2(STOWED LOAD 2). Optimal load amao type 2.

SLOAD3(STOWED LOAD 3). Optimal load ammo type 3.

SLOAD4(STOWED LOAD 4). Optimal load ammo type 4.

SLOADS(STOWED LOAD 5). Optimal load ammo type 5.

SLOAD6(STOWED LOAD 6) . optimal load ammo type 6.

1 ROUTINE P.CLASS.V GIVEN J YIELDI1G PFLAG
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2 DEFINE I PWLAG AND J AS INTEGER VARIABLES
3 DEFINE P6T AS I REAL VARIABLE
4 PRINT I LINE WITH TIME.V AS FOLLOWS

EVENT PLT.AMMO CALLED AT TIME. **°****
5 FOR T=l TO N.PCL.V.ITENS () DO
6 LET PCURR.LOAD (PCODE (JI) 0
7 LET PL.B.LOAD(PCODE( ,) = 0
8 FOR EVERY TAK IN PLAT.UNIT (L0
9 WITH NKILL(TANK) EQ 0 AND KKILL

10 AND MFKILL TANK) EQ 0, DO
11 '
12 IF TACi (TANK)=1
13 ADD OH (TANK) TO PCURR.LOAD(PCODE(JI))
14 IF FKILLATANK Q 0 L INO PKILL
15 ADD SLOADI (TANK) TO PL°B.LOAD(PCODE(J,I))
16 ALWAYS
17 GO TO SHORTAGE
18 OTHERWISE
19
20 IF TAC2,TANK)=I
21 ADD 02(TA K) TO PCURR.LOAD(PCODE(J,IJ
22 IF FKILL (TANK) EQ 0j
23 ADD SLOAD2(TN PL.. LOAD(CODE(J,1))
24 ALWAYS
25 GO TO SHORTAGE
26 OTHERWISE
27
28 IF TAC3(TANK) I
29 ADD OH3(TANK) TO PCURR.LOAD(PCODE(J,I))
30 IF PKILL(TANK)EQ 0
31 ADD SLOAD3(TANK) 0 PL.B.LOAD(PCODE(J,I))
32 ALWAYS•
33 GO TO SHORTAGE
34 OTHERWISE
35 "36 IF TAC4(TANK}=I37 ADD OH4(Tk K) TO P ORR.LOAD(PCODE(J,I))

38 IF FKILLATANA EQ O
39 ADD SLOAD4(TANK) !O PL.B.LOAD(PCODE(J,I))
40 ALWAYS
41 GO TO SHORTAGE
42 OTHERWISE
43 O'
44 IF TAC5(TANK)=I
45 ADD 0H5 (TANK) TO PCURR.LOAD(PCODE(J,I))
46 IF PKILL TANK IEQO
47 ADD SLO D5(TANK) TO PL. B.LOAD(PCODE(J,1))
48 ALWAYS
49 GO TO SHORTAGE
0 OTHERWISE

52 IF TAC6(TANK)=I
53 ADD 06(TASK) TO PCUR.LOAD(PCODE(J,I))
54 IF FKILLITANK} EQ 0.

;5ADD SL AD6 (TNK)~ PL.B.LOAD(PCODE(J,I))
56 ALWAYS
57 ALWAYS
58 to
59 'SHORTAGEI
60 LET P.SHOBT(PCODE(J,I)) PL.B.LOADIPCODE(J I)
61 - PCURR. LOAD (PCODE (J,1)
62 LOOP
63 ''
64 "CHECK FOR BDTTLEDAMAGE
65 IF PL.B.LO&D(PCODE'JIM EQ ,
66 LET PFLAG - PFLA i
67 LET P.SHORT (PCODE ( I ) =0
68 IF P.C5BT. LOSS (PCJODE3,1)) EQ 0,
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69 LET P.C1BT. LOSS{PCODE(J,I)) = 1
70 PRINT 2 LINES WITH I J TH

BATTLE DAkAGE HAS NEGATED THE NEED FOR
AMMO * IN PLATOON *0

71 ALWAYS
72 CYCLE
73 OTHERWISE71 

|
7 LET PCT= PCaRR.LOD PCODE(JI))
76 /PL.B.LOAD( CODE (J,I)
77 it
78 IF PCT GE PLTLON(I.l],
79 LET PAMMO.LON(PCODi(J,I|)=5
80 CYCLE
81 ALWAYS
82 IF PCT GE PLTLON(I,2),
83 LET PAMMO.LON(PCODE (J,If)=4
84 CYCLE
85 ALWAYS
86 IF PCT GE PLTLON(I.3),
87 LET PA fiO.LON(PCODE(J,I))=3
88 CYCLE
89 ALWAYS
90 IF PCT GE PLTLON(I,
91 LET PAkMO.LON(PCOD1'(J,I))=2
92 CYCLE
93 ALWAYS
94 IF PCT GE PLTLON(I,51,
95 LET PAMfLiO.LON(PCODE(J,I})=1
96 LET PFLAG = 100
97 ALWAYS
98 LOOP
99 RETURN
100 END

.JI21 _N0F L..S._

Lines 2-3 Define recursive variables used in the routine.

Line 4 Prints out a message to mark the start of the

routine.

Line 5 Starts the outside loop over all the amno types

carried by the platoon. Loop ends on line 98.

Lines 6-7 Zero out the platoon on-hand ammunition and basic

load ammunition fcr the update.

Lines 8-10 Begin the inner loop over all TANKs in the

platoon in order to obtain the most current information
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available on each TANK. The loop ends on line 62.

Note: the information obtained from each TANK is

"current knowledge" from its on-hand attributes. This

is what the TANK "knows" it has on-hand. Opposite to

this is "perfect knowledge" from its AMMO1-A8O6

attributes, which is what the TANK actually has on-hand.

Lines 12-57 Cycle the index over the six possible choices

on the TANK until identification or lack of

identification of the amno code being considered is

made. If identification is made, the on-hand balance of

the TANK's known load is added to the platoon balance.

If the weapon system is not F-KILLed the base load of

the TANK9 s ammo is added to the platoon base load. Base

load is used in determining how much should be ordered.

If the weapon has been F-KILLed the weapon's base load

is ignored. This lowers the amount of ammo the platoon

needs to have on-hand to keep its systems full. After

updating, control is transferred to the shortage loop,

lines 59-60

Lines 59-61 Provide a running update of the amount of ammo

the platoon is short as the update continues over all

the weapon systems in the platoon.
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Line 62 Closes the loop for a TANK, transferring control

either to line 8 to evaluate the next TANK for this ammo

type or out to complete the LON computation for the amao

type.

Lines 64-73 Check for a zero base load balance in the

platoon's ammo. A new zero balance indicates that

battle damage to platocn weapons has negated the need

for further requisitioning of that type of ammo. A

message is printed identifying the round type. Further

requisitions for this ammo type would not be made.

Lines 75-76 Compute the percentage of fill(on-hand/base

load) for an ammo type.

Lines 78-97 Cycle the percentage over the five possible LON

threshold values until the correct value is found and

assigned.

Line 98 Closes the major loop in the routine and transfers

control back to line 5 in order to update the next aamo

type*

H. "ROUTINE CO8.A AMO"

Routine COH.kMMO is called by events UP.COH.AAO and

CO.RISUPPLY.ARR for each company played in the model to

update ammunition LOIs according to the most recent platoon
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LON information. An argument, NO.BATTLE, is set to indicata

whether RES.REQs should be filed or whether a simple update

is sought. Additionally, a program indicator, CFLAG, is set

to provide information on the system's status.

C - Argument of COM.AMMO(COMPANY AMMUNITION) holding the

pointer value of the company currently updating.

CFLAG. Company status indicator; CFLAG = N.CL.V.ITEM

indicates that the company has no need for ammunition.

That is, the company's weapons have been damaged or

destro yed.

NO.BATTLE. Indicates whether RES.REQs should be filed.

,,On indicates no

"1" indicates yes

EVNT SCHEDVU1J2

UP.S4.A MO(UPDATE S-4 AMUNITION).

NOMEN(NOMENCLATURE). Specifies name of round.

CCODE(COMPANY CODE)(2-d). Holds the pointer value for a

company's CCL.V.ITE~s(COMPAVt CLASS V ITEMs).

PCODE(PLATOON CODE)(2-d). Holds the pointer value for a

platoon's PCL.V.ITEMs(PLATOON CLASS V ITEMs).

PLATOON. LEADER
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RCODE(RESUPPLY CODE) (2-d). Holds the pointer value for a

r-supply unit's SCL.V.ITEns(SUPPLY CLASS V ITEMs).

TSTRE&K(TRIP RANDOM NUMBER STREAN)

COMLON (2-d) (COMPANY LEVEL OF NEED).

MAXTRIP(MAX TRIP). The maximum time required for a convoy to

reach its intended destination.

MINTRIP(AIN TRIP). The minimum time required for a convoy to

reach its intended destination.

kEMN-A T Ij"UTESi]AL

TIME. V

N.CCL.V.ITEMS(NUMBER OF COMPANY CLASS V ITEMS). Unique to a

Unit.

REQN (REQUISITION).

S.OFF(Company S-4 OFFICER).

JJUR2IVZ IAILES - INTEGZZj

COUNT. Indicates if a resupply requisition has been filed.

I - Loop index.

PCT (PERCENT) .

UNIFORM . F
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~SETS US ED

t CO.EUNIT(COMPANY UNIT) . Owned by a COMPANY. COMMANDER.

Members are the unit's PLATOON.LEADERs.

CWANT.LIST(COPANY WANT LIST). Contains a listing of the

resupply requests outstanding for the company.

.TEMPOgRY ENTIIE

RES.REQ(RESUPPLY REQUEST).

RNOMEN(RESUPPLr NOMENCLATURE).

UNPOIR ARY ATTAI NTM TL

C.CMBT.LOSS(COPANY COMBAT LOSS). Indicates that the loss of

a company weapon system negates the need for this ammo

type.

C.NUM.REQN(NUMBER OF COMPANY REQUISITIONS). Total number of

RES.REQs submitted for an SCL.V.ITEA.

C.SHORT(COMPANY SHORTAGE). Total rounds short for a type

ammo.

CAKMO.LON(COMPANY AMMUNITION LEVEL OF NEED).

CCURR. LOAD(COMPANY CURRENT LOAD). On-hand balance for an

amno typq.

CO.B.LOAD(CONPANY BASIC LOAD). Optimal load for am ammo

type.
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ISSUEr. Argument of UP.S4.AMMO(UPDATE.S4.AMMUNITION) holding

the pointer of the requesting unit.

ISSUER. Argument of UP.S4.AMMO(UPDATE.S4.AMMUNITION) holding

the pointer of the unit supply officer.

PCURR.LOAD(PLATOON CURRENT LOAD). On-hand balance for an

ammo type.

PL.B.LOAD(PLATOON BASIC LOAD). Optimal load for an ammo

type.

RAC(RESUPPLT AMMO CODE). Of a RES.REQ(RESUPPLY REQUEST).

REQUESTOR. Of a RES.REQ(RESUPPLY REQUEST). Contains the

pointer of the unit requesting.

RQTY(3EQUIRED QUANTITY). Of a RES.REQ(RESUPPLY REQUEST).

SPRIORITY(SUPPLY PRIORITY). Of a RES.REQ(RESUPPLY REQUESt).

TMEPRRY 1TTj.jUO__!ZAL

TIAE. Of creation of request.

I ROUTINE COd.kHMO GIVEN C,NO.BATTLE YIELDING CPLAG
2 DEFINE NO.BATTLE I COUNT,CPLAG,AND C
3 AS INTEGER VARIAbLiS
4 DEFINE PCT AS A REAL VARIABLE
5 PRINT 1 LINE WITH TIME.V AS FOLLOWS

EVENT COM.AMMO CALLED AT TIME.V **.***m6 t
7 FOR 1=1 TO N.CCL.V.ITEMS(C) ,DO
8 LET CCURR.LOAD(CCODEC I)) 0
9 LET CO.B.LOAD(CCODE IC,I)I I
10 FOR EVERY PLATOON.LEADER IN CO.UNIT(C) DO
11 ADD PCURR.LOLD(PCODE(PLATOON.LEADER, })
12 TO CCURR.LOAD(CCODE(C.I))
13 ADD PL.B.LOAD(PCODE(PLAOO1I. LEADER,I)
l TO CO.B.LOAD (CCODE (C,I))
15 LOOP
16 IF CO.B.LOAD(CCODCI) ) O,
17 LET CFLAG a CFLAG t
18 IF C.CMBT.LOSS(CCODE (C))u 0
19 LET C.CiBT. LOSS (CCODE (CI)) 1
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20 PRINT 2 LINES WITH I, C THUS
BATTLE DAMAGE HAS NEGATED THE NEED FOR
AMMO ** IN COMPANY **21 ALWAYS

22 CYCLE
23 OTHERWISE
24 LET PCT=CCURR. LOAD CCODE(C,I))25 /CO. B.LOAD CCODE (C,I))
26 IF PCT GE COMLON(I,1
27 LET CAMMO.LON(CCOD (C,I)}=5
28 GO TO SHORTAGE
29 ALWAYS
30 IF PCT GE COMLON(I 2[,
31 LET CAMMO.LON(CCODE (CI))=4
32 GO TO SHORTAGE
33 ALWAYS
34 IF PCT GE COMLON(I 3,
35 LET CAMMO.LONmCCODE(C,I))=3
36 GO TO SHORTAGz
37 ALWAYS
38 IF PCT GE COMLON(I,4),
39 LET CAMMO.LON{CCODl (C,I))=2
40 GO TO SHORTAGE
42 ALWAYS
43 IF PCT GE COMLON(I 5},
44 LET CAMMO.LON(CC6D (C,I))=1
45 ALWAYS
46 ''
47 'SHORTAGEI

LET C.SHORT(CCODE(CI)) = CO.B.LOAD CCODE(C I))
49 - CCURR. LOAD (CCODA(CI))
50
51 'RESUPPLY'
52 I' CHECK IF RESUPPLY NEEDED
53 IF CAMMO.LON(CCODE(C,I)) GE 5 OR NO.BAITLE EQ 1
54 GO TO LOOPi
55 OTHERWISE
56
57 ''IF A PRIOR LON IS EQUAL TO THE CURE LON, CYCLE.
58 It
59 FOR EACH RES.REQ IN CWANT.LIST(C)
60 WITH RAC RES.REQ = AND REQUESTOR RES. REQ)=C DO
61 IF SPRIORITY (S.REQ) = CAMAO.LON(CCOD (C,±))
62 GO TO LOOPI
63 OTHERWISE
64 ILOOP31 LOOP
65
66 ''ORDER THE AMMUNITION
67 CREATE A RES.REQ CALLED RCODE(C,I)
68 LET COUNT = 1

9 LET REQUESTOR (RCODE(CI)) = C
70 LET RPNTR(RCODE(C. D = RCODE(C I)
71 LET R2TY(RCODE CI , . . LOAD (CCODE (C, I))
72 - C UR LOADCtO "(C,Ip
73 LET STATUS RCODEC )I() T
74 LET RACRC DZ(C )f o I
75 LET .NOEN(=ACODflClI )MO O.,
76 LET SPRIORITY (RCOD C CAMO.LON(CCODE(CI))
77 LET TIME (RCODE (C I)) TIME.V
78 LET REQN(C) = E6V(C).1
79 LET C.NUM.REQI(CCOdE(C*I)) =
80 C.NUM.REQN( CODE (CI1 + 1
81 FILE RCODE (C,I) IN CRA. LIST(C)
82 It
83 OLOOP1' LOOP
84 Of
85 IF COUNT a 1,
86 SCHEDULE A UP.S4.AMEO(S4.OFF(C),C)
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87 IN UNIFORM.F(MINTRIP,MAXTRIP,TSTREAM) MINUTES
88 ALWAYS
89 RETURN
90 END

EXPLANATION OF CODE

Lines 2-4 Define recursive variables used in the routine.

Line 5 Prints out a message to mark the start of the

routine.

Line 7 Starts the outside loop over all the ammo types

carried by the company. Loop ends on line 83.

Lines 8-9 Zero out the company on-hand ammunition and basic

load ammunition for the update.

Lines 10-15 Begin an inner loop over all platoons in the

company in order to obtain the most current on-hand and

base load informaJion available in each platoon. The

loop ends on line 45. Note: the information obtains4

from each platoon is "current knowledge", which is what

the platoon knows it has on-hand, as opposed to "perfect

knowledge", which is what the platoon actually has

on-hand.

Lines 16-23 Check for a zero base load balance in the

company's amio. This would indicate that battle damage

to company weapons has negated the need for further

requisitioning of that type of ammo. A message is
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printed identifying the round type. Further requisitions

would not be made.

Line 24-25 Compute the percentage of fill(on-hand/base

load) for an ammo type.

Lines 26-45 Cycle the percentage over the five possible LON

threshold valu-s until the correct value is found and

assigned. Control is then directed to lines 47-49 to

determine the unit shortage.

Lines 47-49 Provide an update of the total amount of ammo

the company is short.

Lines 51-55 Check if an initial ammo request needs to be

filed. Ammunitions with LON values equal to 5 are

cycled. Additionally, a NO.BATTLE check is made.

VO.BATTLE equal to 1 indicates that a simple update is

required and no RZS.REQs are to be submitted.

Lines 57-64 Check any previous requisitions for the ammo

type being reviewed. If the previous request has a

priority equal to the current LON there is no need for a

new request to be filed and the routine is cycled.

Lines 66-80 Create a requisition to be forwarded to

battalion supply. The attributes set in the request

are: requestor identification; a request pointer; a
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requested quantity; a request status; a request ammo

code pointing to a particular ammo type; a request

nomenclature; a request priority; time submitted; and

total requests submitted for that amno type.

Line 81 Files the request in the company's want list.

Line 83 Closes the major loop in the routine and transfers

control to Line 7 to begin a loop over the next ammo

type.

Lines 85-88 The variable COUNT keys the fact that a

requisition has been created and must be forwarded to

battalion. If appropriate, an UP.S4.AMO is scheduled.

I. "ROUTINE BATTLE 1

Routine BATTLE is called from routine W.AMMO to obtain

the most recent expenditure and damage information. The

routine generates ammunition expenditures for each alive

weapon according to designated rates of fire and

probabilities of fire. It also randomly damages and

destroys vehicles according to user designated probabilities

of damage.

ARGUENTS USE2

A - Holds the value of the weapon system updating its

situation.

PINETOEAN
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AUM01. AP.TOW(ARMOR PIERCING/TOW ROUNDS)

AMM02. HE. DRAG(HEAT/DRAGON ROUNDS).

AMM03. AW1.OR.MSL3(ALTERNATE WEAPON I OR MISSILE 3).

AMMO4. AW2.OR.ADM(ALTERNATE WEAPON 2 OR AIR DEFENSE

MISSILE).

GLOBAL VARIABj 2g.IL

POF(RATE OF FIRE) (2-d). Specifies the rates of fire for the

six weapons on board any weapon system.

RSTREAM (RESUPPLY STREAM).

WSTREM(WEAPON RANDOM NUMBER STREAM).

GLOB &WI~iLEi (RE"I

B.END(BATTLE END). Termination time of daily battle.

B.START(BATTLE START). Start time of daily battle.

POD(2-d) (PROBABILITY OF DAMAGE). For all weapon systems.

POF(2-d) (PROBABILITY OF FIRE). For all weapon systems.

PERMANENT &TT._LI.(ILY

TIME. V

LAMI(LAMBDA 1). Holds the value of the probability of fire

for AMMO1 from the POF(PROBABILITY OF FIRE) array.

LAM2(LAMBDA 2). Holds the value of the probability of fire

for AMM02 from the POF(PROBAILITY OF FIRE) array.
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LAM3(LAMBDA 3). Holds the value cf the probability of fire

for AMM03 from the POF(PROBABILITY OF FIRE) array.

LAM4(LAIBDA 4). Holds the value of the probability of fire

for AMO4 from the POF(PROBABILITY OF FIRE) array.

LAM5(LAMBDA 5). Holds the value of the probability of fire

for AMM05 from the POF(PROBABILITY OF FIRE) array.

LAM6(LAMBDA 6). Holds the value of the probability of fire

for AMM06 from the POP(PROBABILITY OF FIRE) array.

ROUIES CALL_

EXPONENTIAL.F, MAX.F, and RANDOM.F

TYK.ALIVE(TANK ALIVE). Owned by the system. Members are

vehicles still alive within the simulation.

TZEPO RA ATTURM-IUE~gL

AMMO5(AMNUNITION 5). Of TANK.

AMMO6(AMMUNITION 6). Of TANK.

AP.TOW(ARMOR-PIERCING/TOW). Ammunition 1 of TANK.

AW1.OR.MSL3(ALTERNATE WEAPON 1 OR MISSILE 3). Ammunition 3

of TANK.

AW2.OR.&DR(ALTERNATE WEAPON 2 OR AIR DEFENSE MISSILE).

Ammunition 4 of TANK.
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FKILL(FIREPOWER KILL). Indicates whether a TANK has

sustained a firepower kill during the battle.

"0" indicates no

"1" indicates yes

HE.DRAG(HEAZ/DRAGON ROUNDS). Aaaunition 2 of TANK.

KKILL(CATASTROPHIC KILL) . Indicates whether a TANK has

sustained a catastrophic kill during the battle.

"0" indicates no

"1" indicates yes
MFKILL(MOBILITY & FIREPOWER KILL). Indicates whether a TANK

has sustained a mobility and firepower kill during the

battle.

"0" indicates no

"1" indicates yes

MKILL(NOBILITY KILL). Indicates whether a TANK has sustained

a mobility kill during the battle.

"0" indicates no

-1" indicates yes
POINTER. Machine address of TANK.

WPN.TYPE(WEAPON TYPE). Of TANK.

1 ROUTINE BATTLE (A)
2 DEFINE A AS AN INTEGER VARIABLE
3 DEFINE LA81 LA82,LAM3,LA194
4 LAM5,AND LA&6 AS REAL VARZIBLES
5 of
6 #'CHECK IF BATTLE IN PROGRESS, IF NOT RETURN
7 PRINT I LINE WITH E.START AND B.END A§ FOLLOWS

BSTAIT a **. * B.END = **. ***
8 IF TINE.! LT B.START OR TIAE.! GT B.END, RETURN
9 OTHERWISE

10 t,
11 1: ESTABLISH RATE OF FIRE FOR EACH AMMUNITION FIRED.
12 LET LAN1 1 ROF(WPN.T!PE(A),1)
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13 LET LAM2 = ROF (WPN.TYPE A 921 3 LET LAM3 = OF ( PN.T PE(A 115 LET LAM4 = ROF (WPN.TYPE
16 LET LAM5 = ROF WPN.TYPE A :5
17 LET LAM6 = ROF(IPN.TYPE A 6
18 to
19 1, ESTABLISH AMMUNITION EXPENDITURES FOR EACH AMMO
20 IF RANDOM. F(RSTREAM) LE POF(WPN.TYPE(A),l)
21 LET AMMOI(A) = MAX
22 - EXPONENTIAL.?F(LA211*TIME.V,WSTREAM),0)
23 ALWAYS
24 IF RANDOM.F (RSTREAM) LE POP (WPN. TYPE (A) ,2)
25 LET AMMO2(A) MAX.F(AMMO2(A)
26 - EXPONENTIAL.? (LAM2*TIME.V,WSTREAM) ,0)
27 ALWAYS
28 IF RANDOM. F(RSTREAM) LE POF(WPN.TYPE(A),3)
29 LET AMMO3(A) = MAX.PFAMMO3(A)
30 - EXPON EN IAL.F (LAM3*TIME.V,WSTREAM) ,0)
31 ALWAYS
32 IF RANDOM.F(RSTREAM) LE POF(WPN.TYPE(A),4)
33 LET AMmON4 A MAX.? AMMO4(A)
34 - EPO ENTIL.F (LAM4*TIME.V,WSTREAM) 0)
35 ALWAYS
36 IF RANDOM. F(RSTREAB, LE POWPN.TYPE(A),5)
37 LET AMMO5(k) i MAX. (AMMO5(A)
38 - EZPONETIAL.F (LAM5*TIME.V,WSTREAM) ,O)
39 ALWAYS
40 IF RANDOM. P (RSTREAM) LB POP(WPN.TYPE(A),6)
41 LET AMMO6 (A) = MAZ.(ABMO6 (A)42 - EXPONENTIL. F (LAM6*TIME.V,WSTREAM) 0)
43 ALWAYS
44 of
45 ''DETERMINE IF DAMAGES HAVE BEEN SUSTAINED
46 IF RANDOM. F(RSTREAM) LE POD(WPN.TYPE(A),I)
47 LET SKILL(A) = 1
48 PRINT 1 LINES THUS
49 BATTLE DAMAGE SUSTAINED
50 LIST POINTER (A) ,MKILL (A)
51 ALWAYS
52 IF RANDOM.F(RSTREAM} LE POD(WPN.TYPE(A),2)
53 LET FKILL(A) - "1
54 PRINT 1 LINES THUS
55 BATTLE DAMAGE SUSTAINED
56 LIST POINTER (A) , FKILL (A)
57 ALWAYS
8 IF RANDOM. F(RSTREAM) LE POD (PN. TYPE (A) ,3)
9 LET MFKILL(A) - 1

60 PRINT 1 LINE THUS
61 BATTLE DAMAGE SUSTAINED
62 LIST POINTER(A), !KILL(A)
63 REMOVE A FROM TNK.ALIVE
64 ALWAYS
65 IF RANDOM. (RSTREAM) LE POD(WPN. TYPE(A),4)
66 LET KKILL IA = 1
67 PRINT 1 LINE THUS
68 BATTLE DAMAGE SUSTAINED
69 LIST POINTER(A), KKILL(A)
70 REMOVE A FROM TNK. ALIVE
71 ALWAYS
71 RETURN

ZPL~ANTIONOFCO2Z

Lines 2-4 Define recursive variables used in the routine.
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Lines 6-9 Check if a battle is currently in progress, if

* not it causes the routine to return without action.

Lin-as 11-17 Assign a rate of fire by weapon and ammunition

type for the six ammo types carried by the weapon

updating. Rates of fire are obtained from a rate of fire

array input by the user.

Lines 19-43 Establish ammo expenditures for each of the six

ammo types carried by a weapon system. Use of the weapon

during the time period is established by comparing a

random number to a probability of fire for the weapon

system. Expenditure of ammo is then computed through the

use of an exponential function using the weapon's rate

of fire as lambda.

Lines 45-71 Determine if battle damage has been sustained

during the time period. Evaluation is made by comparing

a random number against the various types of kill

possible.

J. "ROUTINE UP.DATE"

Routine UP.DATE is called from event B.UP.DATZ and is

used to print a battle summary listing weapon and unit

assets, as well as supply status.

"L flLJ.RIMLZ- fiKLRZmI
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CCL.V. ITEM(COMPANY CLASS V ITEM).

4 COMPANY.COMMANDER

CONVOY

CNUM(COMPANY NUMBER). Specifies the nuaber of

COMPANY.COMMANDERS created.

PCL.V.ITEM (PLATOON CLASS V ITEM).

PLATOON. LEADER

PNUM (PLATOON NUMBER).

RES.REQ. (RESUPPLY REQUEST).

SCL.V. ITEM. (SUPPLY CLASS V ITEM).

SNUM(NUMBER OF SUPPLY OFFICERS).

SUPPLY .OFFICER

T.CGO(TRUCK CARGO).

TASK

PERMAJINT ATTRIBUTES

TIME.V

I, J, K - Loop indicies.

CARGO

CO.AMHO(COMPANY AMMUNITION). Owned by a COMPANY.COMMANDER.

Members are the unit's CCL.V.ITEMS(COMPANY CLASS V

ITEMS).
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CWANT.LIST(COMPANY WANT LIST).

PLAT.UNIT(PLATOON UNIT). Owned by a PLATOON.LEADER. Members

are the unit's combat vehicles(TANKs).

PLT.AMNO(PLATOON AMMUNITION). Owned by a PLATOON.LEADER.

Members are the unit's PCL.V.ITEMS(PLATOON CLASS V

ITEMS).

S.AMMO(SUPPLY AMMUNITION). Owned by a SUPPLY.OFFICER.

members are the unit's SCL.V.ITEMS(SUPPLY CLASS V

ITEMS).

S.UNIT(SUPPLY uNIT). Owned by a SUPPLY.OFFICER. Members are

the unit's supply vehicles (TANKs).

SCONVOY(SUPPLY CONVOY).

SREQN.LIST(SUPPLY REQUISITION LIST).

SVANT.LIST(SUPPLY WANT LIST). Owned by a SUPPLY.OFFICER.

Members are RES.REQs(RESUPPLY REQUESTS) from the ccmbat

units.

TSK.ALIVE(TINK ALIVE).

SYS.TYPE (SYSTEM TYPE) .

1 ROUTINE UP.DATE
2 DEFINE I J AND K AS INTEGER VARIABLES
3 PRINT 3 LIES WITH TINE.V AS FOLLOWS

ROUTINE UP.DATE CALLED AT **.**.*
of

'4 90
5 LIST ATTRIBUTES OF EACH COAPANY.COMMANDER
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6 FOR J = 1 TO CNUM, DO
7 LIST ATTRIBUTES OF EACH CCL.?.ITEM IN CO.AMMO|'3
8 LIST ATTRIBUTES OF EACH RES.REQ IN CWANT.LIST J
9 LOOP

10
11 LIST ATTRIBUTES OF EVERY PLATOON.LEADER
12 FOR I 1 1 TO PNUM. DO
13 LIST ATTRIBUTES OfEACH PCL.Y.ITEII IN PLT.AMMO(I)
1(4 LIST ATTRIBUTES OF EACH TANK IN PLAT.ONIT(I)
15 LOOP
16 "1
17 LIST ATTRIBUTES OF EVERY SUPPLY.OFFICER
18 FOR K = I TO SNUM, DO
19 LIST ATTRIBUTES OF EACH SCL.V. ITEN IN S.AMMO(K
20 LIST ATTRIBUTES OF EACH RES.REQ IN SWANT.LIST(K
21 LIST ATTRIBUTES OF E&CH RES.REQ IN SREQN.LIST(K)
22 LIST ATTRIBUTES OF EACH CONVOY IN SCONVOY(K)
23 LIST ATTRIBUTES OF EACH TANK IN S. UNIT(K)
24 LOOP
25 It
26 FOR EACH TANK IN TNK.ALIVE
27 WITH STS.TYPE(TAINK) EQ 7, DO
28 LIST ATTRIBUTES OF EACfH T.CGO IN CARGO(TANK)
29 LOOP
30 ''
31 PRINT 2 LINES WITH TIME.V AS FOLLOWS

'I

ROUTINE UP.DATE ENDED AT S*.*V*
32 RETURN
33 END

EIULA11TI2JL2ISOD

Line 2 Defines recursive variables for the routine.

Line 3 Prints a message marking the start of the routine

Lines 5-9 Mark a loop over the attributes and sets

belonging to each company commander.

Line 5 Lists attributes of each company commander.

Line 7 Lists attributes of each class V item the company

comunander owns.

Line 8 Lists attributes of each resupply request the

company commander has outstanding.

Lines 11-15 Mark a loop over the attributes and sets

belonging to each platoon leader.

(Line 11 Lists attributes of each PLATOON.LEADER.
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Line 13 Lists the the attributes of each class V item the

olatoon leader owns.

Line 14 Lists the attributes of each weapon system of the

unit.

Lines 17-24 Mark a loop over the attributes and sets

belonging to each supply officer.

Line 17 Lists the attributes of each supply officer

Line 19 Lists the attributes of each class V item

Line 20 Lists the attributes of outstanding requests from

supported companies.

Line 21 Lists the attributes of outstanding requests sent

to the ATP/ASP.

Line 22 Lists the attributes of each convoy the supply unit

owns.

Line 23 Lists the attributes of all supply vehicles in the

unit.

Lines 26-29 Mark a icop over all resupply vehicles, listing

the attributes of all supply cargo carried.

K. "ROUTINE FILE.UP.DATE"

This routine is called from event UP.S4.AMMO. It is

used to update the S-4's out standing request list by filing
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new requests by priority and eliminating duplicate older

t requests of lesser priority.

A - Points to supply officer updating.

CON. Points to company currently updating.

SCODE(SUPPLY CODE) (2-d). HOLD'S POINTER FOR SCL.V.ITEMS.

N.SWANT.LIST(NUMBER IN SUPPLY WANT).

NEW.REQ (NEW REQUISITION).

OLD. REQ (OLD REQUISITION) .

BOUTIN SCALLED

FILE.U~PDATE

§TUSEDl

CWANT.LIST(CONPANY WANT LIST).

SVANT.LIST (SUPPLY WANT LIST).

DEMAND, for SCL.V.ITEM.

II.C.CGO.LIST(HEMBER CONVOY CARGO LIST). System generated

variable indicating whether or not a resupply roquest is

on a convoy cargo list.
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RAC(RESUPPLY AMMUNITION CODE). Attribute of an SCL.V.ITEM

which points to a specific ammo type carried by the

supply unit.

REQUESTOR. Attribute of a RES.REQ pointing to the requesting

unit.

RQTY(RESUPPLY QUANTITY). Attribute of a RES.REQ holding the

total quantity requested by a unit.

SPRIORITY(SUPPLY PRIORITY). Attribute of a RES.REQ

specifying the urgency of need for the ammo request.

1I--RR ATRBTw PTEAL

RNOMEN(RESUPPLY NOMENCLATURE). Attribute of a RES.REQ

specifying the requested ammo's nomenclature.

MPORA L EXI

RES.REQ (RESUPPLY REQUEST).

SCL.V.ITEM (SUPPLY CLASS V ITEM). Holds information for a

supply unit about a particular ammo type used by the

unit. Belongs to the set S.AMMO.

TIME.V. Simulation time.

1 ROUTINE FILE.UPDATE(&,CON)
2 DEFINE A CON OLD. REQ NEW.REQ AS INTEGER VARIABLES
3 Of FILE THE REQUEST CURRENTLY BEING RECEIVED
4'' AND CAPTURE DEMAND DATA
5 PRINT I LINE WITH TIME.? THUS

ROUTINE FILE.UPDATE CALLED AT TIME.V =
FOR ALL NEW IN CWANT.LIST(CO)
WITH M.C.CGO.LIST(NEW.REQ)=O, DO
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8 IF NEW.REQ IS NOT IN SOME SWANT.LIST
9 LET 5EIIANDSCODE RAC NEW. REQ))

10 DEMIAND (SCODE (A, RhC(M . REQ) +) 6; QT(NEW. REQ)
11 ALWAYS
12 POR ALL OLD.REQ IN SWANT.LIST (A)
13 WITH RNOMEN(OLD.RE = RNOME(NEW.REQ)
14 AND N.C.CGO.LISTJOLD.REQ) 0
15 AND REQUESTOR(OLD.REQ) = REQOESTOR(NEW.REQ),DO
16 IF SPRIORITY(OLD.BEQ) ME SPRIORITY(NiW.REQ),
17 LET DEMANDISCODE A RACM ( .BEQ)))
18 DEMAND (SCODE(A RC OLD.ReQ))
19 + RQTY(NEW.REQf - RQTY(OLD.REQ)
20 REMOVE OLD.REQ FROM SWANT.LEST(A)
21 REMOVE OLD.REQ FROM CNANT.LIST (COS)
22 DESTROY RES.REQ CALLED OLD.RZQ
23 ALWAYS
3 1 LOOP

5 IF NEW.REQ IS NOT IN SOME SWANT.LIST,
26 FILE HE REQ IN SWANT.LIST(A)
27 ALWAYS
28 LOOP
29 RETURN
31 END

Line 2 Defines the recursive variables used in the routine.

Line 5 Prints a message marking the beginning of the event.

Lines 6-7 Begin the major outer loop for the routine by

looping over all outstanding requests that have not been

loaded on a resupply truck. Loop ends on line 28.

Lines 8-11 Determine if the request has been filed

previously with the S-4. If not it is treated as new and

its full demand data is captured.

Lines 12-25 Begin an inner loop which determines if a

similar request for the type of ammo in the outer loop

has been filed previously with the S-4. If so, a

comparison is made between request priority values. If

the values are the same, this indicates that the new
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request has been filed previcusly and no further action

is necessary. If the priorities are different, this

ndicates that the unit is increasing its urgency of

need for the ammo. The new request is filed and the old

one is destroyed. The difference between the new and

old values is added to the demand. Loop ends on line

24~.

Line 24 Closes the inner loop for the routine. Control is

transferred back to line 12 to continue comparing

requests or out to the next new request.

Lines 25-27 File all genuinely new requests in the S-4's

Want list.

Line 28 Closes the main routine loop begun on line 8.

Control is transferred back to the next request or out.

L. "ROUTINE LOAD.THE.TRUCKS"

This routine is called from event UP.S4.AMMO. It is

used to load supply cargo onto individual trucks. In

execution, the event checks the number of trucks allocated

to carry a specific supply request and loads the number of

trucks specified subject to the weight and cube limitations

of the truck.

A - Pointer value to the S-4 officer.
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CON.ID(CONVOY ID) Holds the pointer value of the convoy

currently being filled.

N.RNDS(NUBER OF ROUNDS).

RR(RESUPPLY REQUEST). Holds the pointer of the resupply

request being currently filled.

CU.REQ(CUBE REQUIRED). Holds the total cube that is required

in order to ship a resupply request.

WT.REQ(WEIGHT REQUIRED). Holds the total weight that is

required in order to ship a resupply request.

RES.REQ(RESIPPLI REQUEST).

SCODE(SUPPLY CODE).

TANK

RC.TEMP(ROUND/CUBE TEMPORARY). Holds the computational value

of the number of rounds that may be loaded on a truck

due to cube restrictions.

RNDS(ROUNDS). Holds the number of rounds being released to

fill a request.

RW.TEMP(ROUND/VEIGHT TEMPORARY). Holds the computational

value of the number of rounds that say be loaded on a

truck due to weight restrictions.

(
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T.COUNT(TRUCK COUNT). Holds the value of the nusber of

trucks already loaded for a particular resupply request.

RBlIZiVE VARM _Mj

PCT (PERCENT).

N ROUU

LOAD.THE.TRUCK, MIN.P. TRUNC.F

SETS USED

CARGO. Contains a listing of the T.CGO loaded on a

particular truck.

ELEMENTS. Set of trucks owned by a CONVOY.

S.UNIT(SUPPLY UNIT). Contains the unit's supply

v-hicl es (TANKs).

T4niQIA H! ATT .UL. LAL fiA A

RNOMEN(RESUPPLY NOMENCLATURE). Attribute of an SCL.V.ITER

containing the name of the particular asmo type.

TSOMEN(TRUCK NOMENCLATURE). Contains the name of a

particular ammo type.

-MAORARY ATl mal §

FKILL("IREPOVER KILL).

KKILL(CATASTROPHIC KILL).

N.ELEHENTS. Specifies membership in a COfiVOY.

MPKILL(ROBILITY AND FIREPOWER KILL).

MKILL (MOBILITY KILL) .
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N.CARGO(NUMBER IN CARGO). Indicates the total number of

T.CGO items loaded on a particular truck.

,.ELEMENTS (NUMBER OF ELEMENTS) . In a convoy.

N.T.ALLOC(NUMBER OF TRUCKS ALLOCATED). Contains the number

of trucks to be allocated to move the rou-±ds released

f3r a resupply request.

ONHAND. HolIs the on-hand balance for rounds of a particular

type at the resupply point.

POINTER. Of a TANK.

RAC(R3SUPPLY AMMUNITION CODE). Attribute of an SCL.V.ITEM

which points to a specific ammo type carried by the

supply unit.

RDS.PKG(ROUNDS PACKAGE). Attribute of a SCL.V.ITEM

specifying the number of rounds oL an ammo pallet.

RFILL(RESUPPLY FILL). Attribute of a RES.REQ specifying the

amount of ammunition released to fill a request.

RQTY(RESUPPLY QUANTITY). Attribute of a RES.REQ holding the

total quantity requested by a unit.

RRPXTH(RESUPPLY REQUEST POINTER).

SPACE. Attribute of a CONVOY holding the amount of loading

space available on trucks in the convoy.
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TCU(TRUCK CUBE) . The cube that a truck has available to be

filled.

TPNTR(TRUCK POINTER).

TQTY(TRUCK QUANTITY). Holds the number of rounds within a

T.CGO that are loaded on a truck.

TRAC(TRUCK NUNITION CODE). Of a T.CGO item.

TWT(TRUCK WEIGHT). The weight that a truck has available to

be filled.

UNP2RARL AZU 1Z i1AR &L

CU.PKG (CUBE PACKAGE) Attribute of a SCL.V.ITZB specifying

the cube of an annunition pallet.

WT.PKG(WEIGHT PACKAGE). Attribute of a SCL.V.ITEM specifying

the weight of a pallet of the ammo being considered.

TEPORIR! ENTITY

T.CGO. Supplies carried on a resupply vehicle (TANK).

1 ROUTINE LOAD.IE.TRUCKS
2 (IRR WT REQ CU.REQN. BNDS CON. ID)
3 DEfINE IPR . RiDS EON ID . COUNT,RN.TEEP,
It RC.TEMP fiNDA AS THNRGRR V1RIABLES'
5 DEFINE &T. REQ CU.REQ,PCT AS REAL VARIABLES
6 PRINT 1 LINE HUS

ROUTINE LOAD THE TRUCKS CALLED
7 LET T.COUNT a 0
8 FOR EVERY TANK IN S.UNIT(A)
9 WITH N.TLEHENTS(TANK) EQ 0
10 AND NKILL (TANK) EQ 0AND FKILLITAK) EQO
11 AND EFKILL(TANK) EQ AD KKILL(TANK) Q0, DO
12 "eLOOP CHECK
13 LET T.COUNT = T.COUNT *1
14 IF T.COUNT GT N.T.ALLOC (RES. REQ) ul WT.REQ LE 0
15 OR CU.REQ LE 0 OR N.RMDS Li 0
16 LEAVE
17 OTHERWISE
18 '' CHECK IF ITEMS EXCEED THE TRUCK'S CAPACITY
19 @' IF SO, ADJUST
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40 IF WT.REQ GT TIT(TANK) Ok CU.REQ GT TCU(TANK)
21 LET RW.TEMP = TTTANK)22 IWT. PKG(SCOD( A, RAC (RE$.RS )
23 RDS.PKG(SCODE(ARAC(RES. EQ)))

4 LET RC.TENP = TCU(TANK)
26 /CU. PKGISCODEA(A,RAC (EES.EEQ)))

2 RDS.PKG(SCOD (A. RAC(RES.REQ))
27 LET ENDS = BIN.F(RV.TEMPRC. TEEP)
28 LET N.RNDS = N.RDS - RNDS
29 ELSE
30 LET ENDS = N.RNDS
31 LET SPACE(CON.ID) = 1
32 ALUATS
33 CREATE A T.CGO
34 LET TPVTR(T.CGO) = POINTER (TANK)
35 LET RRPNTR(T.CG 0 = RES. REQ
36 LET THOBEN(T.CGO) a RNOMEN RES.REQ)
37 LET TEAC T. CGO) = RACUEES.EEQ)
J8 LET TQTr T.CGO z ENDs
9 FILE T.CGO IN CARGO(TANK)

40 "REDUCE THE OUTSTANDING QUANTITY ON THE RES.REQ
81 LET N.RNDS = N.BNDS - ENDS
42 LET RFILL(RES.REQ) EFILLIRES.REQ) + RIDS
43 LET RQTY( NS.REQ) E EQTY(RES.REQ) - ENDS
44 ''REDUCE THE ON-HAND BALANCE O SUPPLY STOCKS
45 LET ONHAVD(SCODEIA.RAC RES.REQj ) =46 ONHAND ISCOA A )R=S. -E} RIDN S

47 'REDUCE THE WEIGHT AND CUBE REQ'D F5OR THE ES.EQ
48 LET WT.REQ- TRUNC.? (VT.REQ - RNDS
49 * IT.PKG SCODEA,RAC (RES.REQ)
50 LE/U.E-RDS.PKG(SCODE (AIRAC1,1ES.RBQRE))
51 LET CU.EE TRUNC. F(CU.EQ - END
52 L CU.PKG(SCODE A RES.(M, _ RES: k UE C53 /RDS.PKG (CcODE A RAC(RES. RE
54 'REDUCE THE WEIGHT AND CUIE AVAIL ON T UCK
55 LET TWT(TANK = TRUNC.F TWT (TANK) - ENDS
56 wT.PG (scADE RAC(ES.REQ
57 /RDS.K8G(SCODE A RACU(ES.IE0)))
58 LET TCa(TANK = TRUN .TC fUK) - ENDS
59 T.G( ABAC
60 RT.PG SCODE ARAC (R ES.eE)))
61 FILE TANK IN LVBENTS CON.I)
62 LOOP
63 RETURN
64 END

ZZ!LA NATION -UL.SOD

Lines 3-5 Define recursive variables used in the routine.

Line 6 Prints a message indicating that the routine has

been called.

Lines 8-11 Begin the major loop for the routine to assign

the resupply mission to vehicles in the supply unit that

have not previously sustained damage or been assigned to

a convoy. Loop ends on line 62.
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Lines 12-17 Check the loop for completion through the

assignment of all trucks allocated to the mission, or

through the completion of the loading process.

Lines 18-32 Check if the request exceeds the carrying

capacity of the truck being loaded. If so, the amount

being loaded is adjusted to the maximum load for that

truck.

Line 33 Creates a TRUCK.CARGO to hold information as to the

type and quantity of amo to be loaded on a truck.

Line 34 Captures the pointer value of the truck the cargo

is loaded on.

Line 35 Captures the pointer value of the resupply request

being filled.

Line 36 Captures the nomenclature of the request being

filled.

Line 37 Captures the ammunition code of the request being

filled

Line 38 Captures the quantity being loaded on the truck.

Line 39 Files the cargo on the last truck in the convoy.

Line 41 Reducez the number of rounds yet to be filled for

the request
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Line 42 Adds the quantity released to the fill attribute of

the request.

Line 43 Reduces the required quantity for the resupply

request.

Lines 44-46 Reduce the on-hand stocks for the ammo type at

the supply point.

Lines 47-53 Reduce the weight and cube required to fill the

request.

Lines 54-60 Reduce the weight and cube available on the

truck to fill requests.

Line 61 Files the truck in the active convoy.

Line 62 Closes the major routine loop begun on line 8.

Control is either transferred back to fill another truck

with the same cargo or transferred out.

3. "ROUTINE VT.AND.CU"

This routine is called by event UP.S4.ANHO and is used

to compute the total weight and cube capacity present at

battalion which can be used to carry supplies.

- Points to supply officer updating.
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CU(CUBE). Holds the maximum cube that may be loaded on a

resupply vehicle.

CU.AVAIL(CUBE AVAILABLE). Holds the total cube capacity that

is available within the supply unit for the shipment of

supplies.

TRKS.AVAIL(TRUCKS.AVAILABLE). Holds the total number of

trucks available for assignment to a resupply mission at

any time.

WT(WEIGHT). Holds the maximum weight that may be loaded on a

resupply vehicle.

WT.AV&IL(WBIGHT AVAILABLE). Holds the total weight capacity

that is available within the supply unit for the

shipment of supplies.

TANK

S.UNIT(SUPPLY UNIT). Contains the unit's supply

vshicles (TANKs) .

TIMPORAR -ArT AIBjf_j;=Trjj)

FKILL(FIREPOWER KILL) .

KKILL(CATASTROPHIC KILL).

&.ELEMENTS. Specifies membership in a CONVOY.

1AX.CUBE (MAXIMUM CUBE).
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1AX.WT(MAXIMU M WEIGHT).

MFKILL(HOBILITY AND FIREPOWER KILL).

MKILL (MOBILITY KILL).

WT(WEIGHT). Rolds the maximum weight that may be loaded on a

resupply vehicle.

WT. AND. CUBE

OGR AMLISTI1_

1 ROUTINE WT.ANE.CUBE GIVEN A
2 YIELDING WT.AVAIL,CU.AVAIL,TEKS.AVAIL,WT CU
3 DEFINE WT. AVAIL CU.AVAIL WTCU AS REAL VARIABLES
4 DEFTNE TRKS.AVA±L,A AS INTEGER VARIABLES
5 PRINT 1 LINE THUS

ROUTINE WT.AND.CUBE CALLED
6 It
7 11 DETERMINE THE WT.AND CUBE AVAIL FOR SHIPPING
8 FOR EVERY TANK IN S.UNIT(A)
9 WITH M.ELEMENTS(TANK) EQ 0

10 AND MKILL{TANKI EQ 0 AND FKILL(TANK) EQ 0-
11 AND .FKIL (TANK) E? 0 AND KKILL(TANKIEQ 0, DO
12 LET WT.AVAIL = WT. AVAIL + MAX.WT (TANK)
13 LET CU.AVAIL = CU.AVAIL + MAX.CUBE(TANK)
14 LET TRKS.AVAIL = TRKS.AVAIL + 1
15 LET WT = MAX.WT(TANK)
16 LET CU = MAX.CUBE(TANK)
17 LOOP
IS RETURN
19 END

JXPLANATION 0_gD

Lines 3-4 Define recursive variables used in the routine.

Line 5 Prints a message indicating that the routine has

been called.

Lines 8-17 Begin the major loop for the routine, looping

over all available cargo carriers, summing the total

weight and cube available for shipment, determining a

(
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total number of trucks available, and determining the

max weigh-: and max cube available on any one truck.

N. "ROUTINE PRI.RESUPPLY"

This routine is called by event UP.S4.AMMO and is used

to determine an optimum fill for priority 1 and 2

requisitions. In execution, the routine seeks to fill all

priority 2 requisitions to a minimum percentage of fill for

all requests by: first, setting multipliers to reduce

priority 2 fill; second, re-evaluating the overall fill of

priority 2 requests; and third, if necessary, reducing fill

on priority 1 requests to open more space for priority 2

requests.

ARGNU _I. _ GERI

A - Points to the S-4 currently updating.

LONi. Variable which indicates whether Level of Need 1

requests are currently filed with the supply officer.

LON2. Variable which indicates whether Level of Need 2

requests are currently filed with the supply officer.

CU.AVAIL(CUBE AVAILABLE). Holds the total cube capacity that

is available within the supply unit for the shipment of

supplies.
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MULl (MULTIPLIER 1). Holds the multiplier for LON 1 requests

which is used to reduce the fill on such requests.

ZItL2(IULTIPLIER 2). Holds the multiplier for LON 2 requests

which is used to reduce the fill on such requests.

WT.AV&IL(WEIGHT AVAILABLE). Holds the total weight capacity

that is available within the supply unit for the

shipment of supplies.

RES.REQ(RESUPPLY REQUEST).

SCODE(SUPPLY CODE) .

C.L1PCT(CRITICAL LONI PERCENTAGE). Holds the maximum

percentage that LONi requisitions may be reduced to in

order to release space on a convoy for other critical

LONi and LON2 requests.

C.L2CU(CRITICAL LON2 CUBE). Holds the maximum percent of

cube that LON2 requisitions may be cut to in order to

release space on a convoy for other critical LONi and

LON2 requisitions.

C.L2WT(CRITICAL LON2 WEIGHT). Holds the maximum percent of

weight that LON2 requisitions may be cut to in order to

release space on a convoy for other critical LONI and

LON2 requisitions.
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___ ViRnIn inn ii

CU.SHIP(CUBE OF SHIPMENT). Combined total cube of current

LONl and LO2 requests.

CI. Holds the total cube of current LOll requests.

C1PCT. Percent of LON1 requests which can be filled if all

LON2 requests are filled to a minimum based on cube.

C2. Holds the total cube of current LON2 requests.

C2PCT. Percent of LON2 requests which can be filled if all

LONl requests are filled based on cube.

WT.SHIP(WEIGHT OF SHIPMENT). Combined total weight of

current LONl and LO2 requests.

W1. Holds the total weight of current LONl requests.

W1PCT. Percent of LONI requests which can be filled if all

LON2 requests are filled to a minimum based on weight.

W2. Holds the total weight of current LON2 requests.

W2PCT. Percent of LO2 requests which can be filled if all

LOYI requests are filled based on weight.

ROUTIl

IAX.F, MIN.?, PRI.RESUPPLY

SW&NT.LIST(SUPPLY VAST LIST).
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RAC(RSSUPPLY AMMUNITION CODE). Attribute of an SCL.V.ITEM

which points to a specific ammo type carried by the

supply unit.

RDS.PKG(ROUNDS PACKAGE). Attribute of a SCL.V.ITEM

specifying the number of rounds on an ammo pallet.

RQTY(RESUPPLY QUANTITY). Attribute of a RES.REQ holding the

total quantity requested by a unit.

SPRIORITY(SUPPLY PRIORITY). Attribute of a RES.REQ

specifying the urgency of need for- the ammo request.

ORPORA RY-TIBT ARA

CU.PKG(CUBE PACKAGE). Attribute of a SCL.V.ITEM specifying

the cube of an ammunition pallet.

WT.PKG(WEIGHT PACKAGE). Attribute of a SCL.V.ITEM specifying

the weight of an ammunition pallet.

PROGRAM LjSTI.G

1 ROUTINE PRI.RESUPPLY GIVEN WT.AVAILCU.AVAILA
2 YIELDING MUL1 ,UL2,LONILON2
3 DEFINE A LONl LON2 AS INTEGER VARIAILES
L4 DEFINE Wi 1W2 1 C2 WT SHIP CU. SHIP UL1 MUL2,
5 UT.YAILU. .V±IL,k2PCT,C2CT, WPCTClPCT
6 AS REAL VARIABLES
7 PRINT 1 LINE THUS

ROUTINE PRI.RESUPPLY CALLED
8 '' DETERMINE WEIGHT AND CUBE REQUIRED
9 '' FOR LON1 & LON2 MISSIONS
10 FOR EVERY RES.REQ IN SWANT.LIST(A)
11 WITH SPRIORITY(RES.REQ)=1
12 OR SPRIORITYES.RE - 2. DO
13 GO TO L1,L PER SIOBITY RES.REQ)
14i L01 LET WI W 1 + W T.PKG (SCODZ(ARAC(BES.REQ)))
15 *R TY (RES.R1EQI
16 URS PKG(SCODE( RAC (RES. REQ)
17 LET C1 = C1 *0 CUPKG(SCODE (A.RICR (S. REWf
18 *RQTY(RiS. R EQ)
19 /RDS.PKG(SCODE(A,RAC(RES.REQI))
20 LET LON1 = 1

I 21 CYCLE
22 'L2' LET W2 = +2 W WT.PKG(SCODE(&,RAC(RES.REQ)))
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23 *RQTY(EES.REQ
24 LET 2 C2 /BDS. O RICIRES.R
25 LET C2 C T.PKG(SCODE A RAC(RES.RE
26 *RQTYIRES.EEQ)/RDS.PKG(S 06E(A,BAC(RE
27 LET LON2 -1
28 LOOP
29 LET WT. SHIP = WT.SHIP + Wi + W2
30 LET CU.SHIP = CU.SHIP + C2 + C2
31 It
32 ''DETER IF THE KIN % OF LOS 2 ITEMS ARE SHIPPED.
33 IF (WT.SHIP GT VT.AVAIL OR CU.SHIP GT CU.AVAIL)
3( AND LO2 EQ 1
35 LET W2PCT = (WT.AVAIL-I) /2
36 LET C2PCT = (CU.AYAIL-C1I /C2
37 'REDUCE THE FILL ON LON2 REQUIREMENTS
38 LET NUL2 = (BIN.P(V2PCT,C2PCT,1.0))
39 LET BULl = 4.040 of
41 ''REDUCE LONl FILL TO ALLOW MORE SPACE
42 IF W2PCT LT C.L2WT OR C2PCT LT C.L2CU
43 &D LON1 EQ 1
44 LET UIPCT = (WT.kVAIL-W2eC.L2WT)/W1
45 LET C1PCT = (CU. AVIL-C2*C. L2CU) /CI
46 LET BULl = (BFA. £W1PCT CIPCT C.L1PCT))
47 LET KUL2 = (xIN.F (C.L2W1,C.L2kU,1.0))
48 ALWAYS
49 ALWAYS0  RETURN

1END

LXPLAI .ON OX CODE

Line 3-6 Define recursive variables used in the routine.

Line 7 Prints a message marking the beginning of the

routine.

Lines 10-12 Begin the major loop of the routine looping

over all resupply requests in the S-41's want list and

ilentify the priority 1 and 2 requests. Loop ends on

line 28.

Line 13 Transfers control based on the priority of the

request.

Lines 14-16 Sum the total weight of all priority 1

requests.

Lines 17-19 Sum the total cube of all priority 1 requests.

(
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Line 20 Indicates the presence of an LON1 request.

Line 21 Cycles to next request.

Lines 22-24 Sun the total weight of all priority 2

requests.

Lines 25-26 Sum the total cube of all priority 2 requests.

Line 27 Indicates the presence of an LON2 request.

Line 28 Ends the major loop begun on line 10. Transfer of

control is either to the next request or out.

Lines 29-30 Calculate the total weight and cube of

outstanding requests due to priority 1 and 2 requests.

Lines 32-39 Determine if all priority 2 requests have been

filled. If not, it establishes a multiplier, Mul2, to

reduce fill on priority 2 requests in order to open up

space on trucks to fill a greater number of LO2

requests. The IF check ends on line 49.

Lines 41-48 Check again to see if all LON2 requests have at

least been partially filled. If not, it establishes a

multiplier, HUL1, to reduce the fill of priority I

requests to open up space on trucks until the priority 2

requests have been filled. Priority 1 requests will be

reduced only to the percentage necessary to fill

priority 2 requests, or to a user designated critical

priority of fill whichever comes first.
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0. "EVENT BAT. L.TIME"

Event BAT.L.TIME is initially scheduled in the main

program and subsequently reschedules itself each day of the

simulation. The event is used to start and end a battle and

to schedule moves.

MOVE

CNUM(COMPANY NUMBER). Specifies the number of

COMPANY.CO5MMANDERs created.

RSTREAM(RESUPPLY RANDOM NUMBER STREAM).

VSTREAfl(VBAPON RANDOM NUMIBER STREAM).

GLOBAL VARIAABLjAj"jt

B.END(BATTLE END). Termination time of daily battle.

B.START(BATTLE START). Start time of daily battle.

PIRIANII.T ATTMTEA- ,L

TIME.V

MARCH.ORDER. Argument for the event move holding the pointer

of the company receiving orders to move.

"CURSIVE VAR j~~~

I - Loop index.
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RANDOM.F, TRUNC.F, and UNIFORM.F

PROGRAM 2 I

I EVENT BAT.L.TIME
2 11
3 DEFINE I AS AN INTEGER VARIABLE
4 PRINT 1 LINE WITH TINE.V THUS

EVENT BAT.L.TIME CALLED AT TIME.V =5 iI
6 LET B.STRT = TRUNC. F(TIME.V)

+UNIFORM.F (00,1 00, WSTREAM)
7 LET B.END - .STLRT .25
8 IF B.END L: TRUNC.F(TIBE.V 1 0
9 R2SCHEDULE A BAT. L.TIME ATl ' TEUN.-.(TIME.V).1.0

10 ELSE
11 RESCHEDULE A BAT.L.TIME AT B.END
12 ALWAYS
13 FOR I = 1 TO CNUM DO
14 IF RANDOM. ERSTfiAM) LT .8.
15 SCHEDULE A ROVE (1) AT BEND .1
16 PRINT 3 LINES WITH I THUS

MOVE SCHEDULED FOR COMPANY 0

17 ALWAYS
18 LOOP
19 RETURN
20 END

Line 3 Defines the recursive variable used in the routine.

Line 4 Prints a message marking the start of the routine.

Line 6 Randomly picks a battle start time over the 24 hour

period.

Line 7 Schedules a battle stop time 6 hours later.

Lines 8-12 Reschedule the battle for the next day.

Lines 13-18 Randomly select a company to move at the end of

a day's battle(event MOVE). Print a message identifying

the unit.
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P. "EVENT MOVE"

Event MOVE is scheduled in event BAT.L.TIME. The event

only takes place after a battle and is used solely to

schedule and exercise the redistribution logic.

ARGUMENTS

MARCH.ORDER. Argument for event MOVE holding the pointer of

the company receiving orders to move.

GLOBAL_ VA R1 NJM

PLATOON. LEADER

CO. UNIT (COMPANY UNIT) .

C - Holds the value of the company currently moving.

DISTR(DISTRIBUTOR). Argument for event REDISTRIBUTE holding

the value of the unit's PLATOON.LEADER.

REDISTRIBUTE

PROGRAM LISTff.

1 UPON MOVE(C)
2 NORMALLY BODE IS INTEGER
3 FOB EVERY PLATOON.LEADER IN PLAT.UNIT(C), DO
4 SCHEDULE A REDISTRIBUTE(PLATOOE.LEADEl) NOW
5 LOOP
6 RETURN
7 END

Line 2 Defines the mode as integer.
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Lines 3-5 Schedule a move for each platoon in the company.

Q. "EVENT CO.RESUPPLY.ARR"

Event CO.RESUPPLT.ARR is scheduled from event

UP.S4.AMMO. The event distributes the ammunition assets

received by a company to subordinate platoons according to

their most re ent LON. It then sends the RSV/convoy back to

the battalion trains after an appropriate time delay

simulating a delivery from the ATP/ASP.

AR U_

CNVY(CONVOY). Argument of CO.RESUPPLY.ARR(COMPANY RESUPPLY

ARRIVE) carrying the pointer of the convoy arriving.

CO.ChVY(COMPANY CONVOY). Argument of the event

CO.RESUPPLY.ARR (COMPANY RESUPPLY ARRIVE) holding the

pointer value for the convoy arriving in the area.

AM11Ol. AP.TOW(ARMOR PIERCING/TOW ROUNDS)

AMM02. HE. DRAG(HEAT/DRAGON ROUNDS).

A103. kW1.OR.KSL3(LLTERN&TE WEAPON I OR MISSILE 3).

kAMO. AV2.OR.ADM(ALTERNATE WEAPON 2 OR AIR DEFENSE

SISSILE) .

BN.&RRIVE(BATTALION ARRIVE).
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PCODE(PLATOON CODE) (2-d). Holds the pointer value for a

platoon's PCL.V.ITEHs(PLATOON CLASS V ITEMs).

PLATOON. LEADER

RES.REQ (RESUPPLY REQUEST).

TANK

TSTREAM(TRIP RANDOI NUMBER STREAM).

JLOBAL jMU&ESiA IL

CCODE(CONPANY AMMUNITION CODE).

MAXTRIP(MAX TRIP). The maximum time required for a convoy to

reach its intended destination.

HINTRIP({IN TRIP). The minimum time required for a convoy to

reach its intended destination.

TIME. V

ASSETS. Holds the amount of ammo left to be issued.

DEL. Holds the amount of ammo initially delivered.

VO.BATTLE. Indicates whether RES.REQs should be filled.

"10" indicates no

"I" indicates yes

TEMP. Place holder for release point of the convoy.

Q.UI§iS CALL j.

COX.AHNO, INT.F, P.CLASS.V

(
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C.CGO.LIST (CONVOY CARGO LIST).

CO.UNIT(COMPANY UNIT).

CWANT.LIST(COMPANY WANT LIST).

PLAT.tNIT(PLATOON UNIT).

SREQN.LIST(SUPPLY BEQUISITION LIST).

SWANT.LIST(SUPPLY WANT LIST).

TNK.ALIV.(TANK ALIVE).

aMMO5(AMHUNITION 5). Of TANK.

AMNO6 (AMMUNITION 6). Of TANK.

AP.TOW(ARMOR-PIERCING/TOW). Ammunition 1 OF TANK.

TACt.(TANK AMMUNITION CODE 1).

TAC2. (TANK AMMUNITION CODE 2).

TAC3. (TANK AMMUNITION CODE 3).

TAC4. (TANK AMMUNITION CODE 4).

TACS. (TANK AMMUNITION CODE 5).

TaC6.(TANK AMMUNITION CODE 6).

AW1.OR.MSL3(kLTERNATE WEAPON 1 OR MISSILE 3). ammunitlon 3.

AU2.OR.aDM(ALTERNATE WEAPON 2 OR AIR DEFENSE MISSILE).

Aamunition 4.

C.MV.STATE (CONVOY MOVEMENT STATE).

214



C.SHORT(COMPANY SHORTAGE). Total rounds short for a type

ammo.

COCDR(COMPANY CONNANDER). Of TANK.

FKILL(FIREPOWEB KILL).

FLAG Yielding argument of W.ANMO and CO.AaNO, not used in

this routine.

HE.DR&G(HAT/DRAGON ROUNDS). Ammunition 2 of TANK.

KKILL(CATASTROPHIC KILL).

iKILL(MOBILITY KILL).

OH1(ON-HAND 1). Current balance of ammunition 1 on a TANK.

OH2(ON-HAND 2). Current balance of ammunition 2 on a TANK.

03(O-HAND 3). Current balance of ammunition 3 on a TANK.

OH4(ON-HAND 4). Current balance of ammunition 4 on a TANK.

OH5(05-HAND 5). Current balance of ammunition 5 on a TANK.

OH6(ON-HAND 6). Current balance of ammunition 6 on a TANK.

P.SHORT(PLATOON SHORTAGE). Current shortage of a PCL.V.ITEB

(PLATOON CLASS V ITEM). Unique to each platoon and ammo

type.

PCURR. LOAD (PLATOON CURRENT LOAD). On-hand balance for an,

ammo type. Unique for each platoon and ammo type.

RAC(RESUPPLr ANNUNITION CODE).
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RCNVY(RESUPPLY CONVOY). Argument of the event BN.AR2IVE
4

(BATTALION ARRIVE) carrying the pointer of the convoy.

REQUESTOR. Attribute of a RES.REQ(RESUPPLY REQUEST)

specifying the unit making the request.

RFILL(RESUPPLY FILL). Attribute of a RES.REQ (RESUPPLY

REQUEST) specifying the amount of ammunition released to

fill a request.

RP(RELEASE POINT). Attribute of a convoy specifying the

convoy's destination.

SLOADI (STOWED LOAD 1) . Optimal load ammo type 1.

SLOAD2(STOWED LOAD 2). Optimal load ammo type 2.

SLOAD3 (STOWED LOAD 3). Optimal load ammo type 3.

SLOAD4(STOWED LOAD 4). Optimal load amao type 4.

SLOAD5 (STOWED LOAD 5). Optimal load amo type 5.

SLOAD6 (STOWED LOAD 61. Optimal load ammo type 6.

SP(START POINT). Attribute of a convoy specifying the

convoy's origin.

STATUS. Indicates the current location of a convoy.

SYS.TYPE(SYSTEM TYPE).

ROTINS CL ID

UNIFORM.F, UP.D&TE, W.AHMO

1 EVENT CO.RESUPPLY. ARR(CNVY)
2 DEFINE FLAG,NO.BATTLE,TEMP,CNVY,ASSETS,
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3 AND DEL AS INTEGER VARIABLES
14 PRINT 2 LINES WITH TIME *V CNVY THUS

EVENT CO .RES 1. ARREILE

6 "'BRING THE CONVOY OUT OF HYPERSPACE
7 LET C.NV. STATE (CNVY) = 0
8 t
9 FOR EVERY REPS.REQ IN C.CGO.LIST(CNVY) * DO

10 LET ASSETS = RILL (RES.REQ)
11 o
12 FOR EVERY PLATOON.LEADER
13 IN CO.UNIT(REQUEST0R(RZS.&iFQ)) ,DO
114 LET DEL=
15 I14T.F (P.SHORT (PCODE (PLATOON.LEADER,RAC RHES EECf)
16 /C. SHORT (CCODE (REQUESTOR (RES.REQ) ,RAC (RES.REQ)))
17 :-RFILL I( ES.3.BQ)
18 LET ASSETS = ASSETS - VEL
19 LET PCURR.LOAD (PCODE(PLATOON.LEADER ,RAC(BES.REQ)
20 PCURR.LOkD(PCODE(PLATOON.LEADEB,HAC(RES .REQf).D+bL
21 I
22 "'FILL TANKS
23 FOR EVERY TANK IN PLAT.UNIT(PLATOON.LEADER), DO
214 IF MKILL (TANK) =1 OR MFKILL(TkNKV1l
25 OR FKILL (TANK) =1 OR KKILL(TANK)=l
26 CYCLE
27 OTHERWISE
28 I
29 IF TAC1 (TANK) -RHAC (RBS. REQ)
30 LET OHi (TANK) = Oil (TANK) * DEL
31 ((SLOAD11TANK)-OH1 (TANK)))
32 P.SHORT (PCODE (PLATOON.LrADEB RAC(RES.REf)
33 LET AMMOT(TA NK I NAlOlI (TANK) +DEL
314 l(SLO ADI (TANK -ALMO1 (TNK

36 GO TO TA KLOOP~ LTO.EDBRCc 5
37 OTHERWISE
38 '

39 IF TAC2 (TANK) =RAC RBBS.REQ)
40 LET 0H2(TANK)=OA2(TNK .D
41 C SOAD2(TANK) -0H2 (TANK)))/,'42 P.SHORT (PCODE (PLATOO.LEA E RIBC (RBS. R~l
43 LET AMM02(TANKI ;AM1O2 (TANK) +bEL

144 (SLOAD2 (TANK) -AMM 02 (TAk))
14 5 P.SHORT (PCODE( LATOONf.LEkDERRAC(RE.EQf
146 GO TO TANKLOOP
47 OTHERWISE
48
49 IF TAC3 (TANK) =RAC(RES.REQ
50 LET 0H3(TANK) = 0H3(TANK) +DEL
51 C(SLOAD3 (TANK) -H3 (TANK))) /
52 P.SHORT EPCODE(PLATOON.LEADEB BAd (RES. RQf)
53 LET A11lO3 (TANKj =uN03 TANK) .DkL
514 '(SLOAD3 (TANK)j-!LM3A(TANK)
55 P. SHORT IPCODE (PLATOON. LEAD 8RAC( (SRQ
56 GO TO TA KLO OP
57 OTHERWISE
58
59 IF TAC4 ATAXK)mRAC (RBS. REM
60 LET 0 4 (TANK) -0H4 (TANK) + DEL
61 CISLOAD4 kTNK) OH 4 j T ANKpj $1)61 ~P. SHORT (PCODE (PL TOON.LDERA(S.Q

6LET A1111 (TANKkInAflhl04M(ANK) +DEL
61 'SLOAD4 (TANK -AMO4j(TANK)) f)65 P.SHOBT4 PCODE( (LATOON. LEADIERAC( (ES.BEQ)

67 OTHERWISE
68
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69 IF TAC5 (TANK) =RAC (RES. REQ
70 LET OH 5(TA NK) = 0H5 (TAN ) + DEL

4. 71 C (SLOADS (TANK) -05 (TANK)) I /
72 P. SHORT IPCODE (PLLTOON.LE EDER RAC( ES.aEQ))
73 LET AMM05 (TANK) =AM2O5(TANK) +DL
74 SLOAD5 (TANK) -AMMO5 (TANKI)
75 P.SHORT (PCODE(PLATOON.LEADER,RAC(RES.REQ)
76 GO TO TANKLOOP
77 OTHERWISE
78 ''
79 IF TAC6 (TANK) =RAC(RES. RE
80 LET OH6(TANK) = 0H6(TAR) + DEL
81 ((SLOAD6 (TANK) -OH6 (TANK)) ) /
82 P. SHORT(PCODE (PLATOON. LEADERRAC (RES. REQ)))
83 LET ASO6 (TANK) - AMMO6 TANK)+DEL
84 CSLOAD6 (TANK)-AMO6 (TANK)) /
85 P. SHORT ,PCODE (PLATOON. LEADERRAC (RES. REQ)
86 ALWAYS
87
88 'TANKLOOP'
89 LOOP
91 'rJPDATEFILES'
92 IF RES.REQ IS NOT IN SOME SWANT.LIST
93 AND RES.REQ IS IN SOME CWANT.LIST,
94 REMOVE RES. REQ
95 FROM CWANT.LIST(REQUESTOR(RES.REQ))
96 ALWAYS
97 O'
98 IF RES.REQ IS NOT IN SOME SREQN.LIST
99 FILE RESREQ IN SREQN.LIST(SP(CNVY))

100 ALWAYS
101 LET STATUSJRES.REQ) = "ATP"
102 LET DEL =
103 LOOP
104 LOOP
105 FOR EVERY TANK IN TNK.ALIVE
106 WITH COCDR(TANK) EQ RP(CNVY) ,DO
107 IF SYS.TYPE (TANK) EQ 7,
108 CYCLE
109 OTHERWISE
110 LET NO.BATTLE = 1
111 CALL W.ASMO(TANK,NO.BATTLE) YIELDING FLAG
112 LOOP
113 ''
114 FOR EVERY PLATOON.LEADER IN CO. UNIT(RP(CNVY)), DO
115 CALL P.CLASS.V(PLATOON.LEADER)
116 LOOP
117 LET NO.BATTLB = 1
118 CALL COM.AMMO(RP(CNVY),NO.BATTLE) YIELDING FLAG
119 ''
120 ''SEND THE CONVOY HOME
121 LET TEMP = RP(CNVY)
112 LET RP(CNVY) = SP(CNVY)
123 LET SPICINVT) = TEMP
124 LET C. V.STATE(CNVY) = 1
125 SCHEDULE A BN.ARRIVE4CNV)
126 IN UNIFORM.F(MINTRIP,IAXTRIP,TSTREAN) MINUTES
127 RETURN
128 END

EXPLANITION QLS2j
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Lines 2-3 Define the recursive variables used in the

routine.

Line 4 P-ints a message marking the start of the routine.

Lines 6-7 Change the convoy movement state to zero.

Line 9 Begins the routine's major loop over all resupply

=equests in the arriving convoys cargo list. Loop ends

on line 104.

Line 10 Captures the quantity delivered by the convoy as a

local variable for computation purposes.

Lines 12-13 Begin an inner loop over every platoon leader

in the company in order to distribute the arriving

supplies. Loop ends on line 103.

Lines 14-17 Set the delivery for a particular platoon equal

to [platoon shortage / company shortage] multiplied by

the deliver quantity.

Line 18 Subtracts the delivery from the assets available.

Lines 19-20 Adjust the platoon current load for that ammo

type.

Line 22 Begins an inner loop over all the weapon systems in

the platoon so that deliveries can be made. Loop ends on

line 89.
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Lines 24-27 Determine if any vehicle has sustained

casualties, if so, the loop is cycled to the next weapon

system.

Lines 29-86 Check to see if the ammo delivered is one of

the six carried on the TANK. If so, the weapon system's

on-hand knowledge and actual knowledge is updated to

reflect the delivery.

Lines 88-89 Close the combat vehicle loop begun on line 22.

Transfer of control goes to the next TANK or out to the

next platoon.

Lines 91-101 Update files by removing the request from

company want lists and filing the same request on a

supply request, simulating a request from battalion to

the brigade ATP for more amno.

Line 102 Resets the delivery quantity to zero.

Line 103 Closes out the platoon loop begun on line 12.

Transfer of control is to the next platoon or out to the

next request.

Line 104 Closes out the request loop begun on line 9.

Transfer of control is to the next request or out.

Lines 105-112 Cause every TANK in the company to update its

ammo status.

4
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Lines 114-116 Cause every platoon in the company to update

its ammo status.

Lines 117-118 Cause the company to update its ammo status.

Lines 120-126 Turn the convoy around and sends it back to

the battalion supply point as a resupply coming from the

ATP.

R. "EVENT REDISTRIBUTE"

This event is scheduled from event MOVE. It is used to

evenly redistribute ammunition in a platoon.

jG2ENTS INIMMl

P - Holds the pointer value of the platoon currently

radistributing.

DISTR(DISTRIBUTOR). Argument for the event REDISTRIBUTE

holding the value of the unit's PLATOON.LEADER.

DINE TO E NA

AMMO1. AP.TOW(,IRMOR PIERCING/TOW ROUNDS).

AMMO2. HE.DRAG(HEAT/DRAGON ROUNDS).

AMMO3. AW1.OR.MSL3(ALTERNATE WEAPON 1 OR MISSILE 3).

ANMO4. AW2.OR.ADM(ALTERNATE WEAPON 2 OR AIR DEFENSE

MISSILE).

PCL. V. ITEM
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PCODE(PLATOON CODE)(2-d). Holds the pointer value for a

platoon's PCL.V.ITEfs(PLATOON CLASS V ITEMs).

TANK

TIME. V

CASSETS. Current amount of an ammo type on-hand in a

platoon.

FLAG. Yielding argument for routine W.ANMNO; not used in this

routine.

NO.BATTLE. Indicates whether RES.REQs should be filled.

"0" indicates no

1"1, indicates yes

RASSETS. Required amount of an ano type based on the

platoons stowed load.

P.CLASS.V, UP.DATZ, W.AMEO

PLAT.UNIT(PLATOOV UNIT). Owned by a PLATOON.LEADER. Members

are the unit's combat vehicles(TAINKs).

PLT.AKNO(PLATOON ASMUNITION). Owned by a PLATOON.LEADER.

members are the unit's PCL.V.ITENS(PLATOON CLASS V

ITESS).

222

P 1



AMM05 (AMMUNITION 5) .

AMM06 (A MMUNITION 6).

AP.TOW(ARMOR-PIERCING/TOW) . Ammunition 1

TACt. (TANK AMMUNITION CODE 1).

TAC2. (TANK AMMUNITION CODE 2).

TAC3. (TANK AMMUNITION CODE 3).

TACi. (TANK AMMUNITION CODE L).

TAC5. (TANK AMMUNITION CODE 5).

TAC6. (TANK AMMUNITION CODE 6).

AW1.OR.SL3(ALTERNATE WEAPON I OR MISSILE 3). Ammunition 3.

A12.OR.ADN(ALTERNATE WEAPON 2 OR AIR DEFENSE MISSILE).

Ammunition 4.

?KILL(FIREPOWER KILL) .

HE. DRAG (HEAT/DRAGON ROUNDS). Ammunition 2.

KKILL(CATASTROPHIC KILL).

MFKILL(MOBILITY AND FIREPOWER KILL).

MKILL(MOBILITY KILL).

PAC(COMPANY AMMUNITION CODE).

PCURR.LOAD(PLATOON CURRENT LOAD). On-hand balance for an

ammo type.

PL.B.LOAD(PLATOOV BASIC LOAD).

SLOADI (STOWED LOAD 1) . Optimal load amso type 1.

SLOAD2(STOWED LOAD 2). Optimal load ammo type 2.
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SLOAD3 (STWED OAD 3 . Opim--load-mmo-t-e-3

SLOAD34(STOWED LOAD 3) . Optimal load ammo type 3,.

SLQAD5 (STOWED LOAD 5) . Optimal load ammo type 5.

SLOAD6 (STOWED LOAD 6) . Optimal load ammo type 6.

I EVENT REDISTRIBUTE(P)
2 DEFINE NO.BATTLE RASSETS CASSETS,ROUND,
3 FLAG AND P AS INEGER VAAZABSLES
'4 PRINf 1 LINE WITH TIME.V AS FOLLOWS

EVENT REDISTRIBUTE CALLED AT TI1B.V
5 of
6 FOR EVERY TANK IN PLAT.UNIT(P) ,DO
7 LET NO.BATTLE = 1
8 CALL V.AMMQ(TANKNO.BATTLE) YIELDING FLAG
9 LOOP
10 01
11 CALL P.CLASS. VP
12 FOR EVERY. PCL .V.ITER IN PLT MHIOP3 DO
13 LET CASSETS = PCURR.LOAD (CODE IP IOUND)
14 ,LET RASSETS - PL.B.LOAD(PCODB(P fiOUND))
15 1
16 FOR EVERY TANK IN PLAT.UNITIP) DO
17 IF SKILL (TANKs 1 OR MFKILLTI1NK)-l
18 OR FKILL (TANK) -1 OR KKILL(TANK)-l
19 CYCLE
20 OTHERWISE
21 IF TkA(TAK = A P V.ITI
22 LE LE(TK)-SLOADI(TANK)/RAST*AST
23 CYCLE
24 ALWAYS
25 IF TAC2 (TkNANK PAC(PCL.Y.ITEN)
26 LET A 802(TANK SLOADI (TANI) /RASSETS*CASSETS
7 CYCLE
8s ALWAYS

29 IF TACi(T1NK% =,PAC(PCL V ITEM)30 LET AM01(TANK SLOADi (TANK /RASSBTS*CASSETS
31 CYCLE
32 ALWAYS
33 IF TAC2 (TANK) A(PCL.V ITEM)34 LET A 802(kA;Kf A= SLO DMAriNK /BASS ETS*CASSETS
35 CYCLE
36 ALWAYS
37 I? TAC3 (TANKk PA(CL.T. ITE11)38 LET A 903(TAKP)= SLOAD3(TANK)/RASSETS*CASS ETS
39 CYCLE
40 ALWAYS
41 IF TAC'4 (TANK) PkC(PCL.V.ITEI)
'42 LET 15104 (TAK) = SLOkDII(T LE) /RASSETS*CASSETS
413 CYCLE

4g ALWAYS
4 1IF TAC5 (TANK * PAC (PCL T ITEN1k46 LET A8MO5(TARK) aSLOiDS (TAN )/RASS ETS*CASSETS

'17 CYCLE
418 ALWAYS
49 IF TAC6 (TANK&;KPAC(PCL.V.IT2MI)
50 LET £5M06 (TAK SLO D6 (TAN) /RASSETS*CASSETS
51 CYCLE
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52 ALWAYS
53 LOOP
514 LOOP
55 FOR EVERY TANK IN PLAT.UNIT(P), DO
56 LET NO.BATTLE = 1
57 CALL W.AMO(TANK,NO.BATTLE) YIELDING FLAG
58 LOOP
59 CALL P.CLASS.V
60 RETURN
61 END

EXILANATIO0 . CO

Lines 2-3 lefine recursive variables for use in the

routine.

Line 4 Prints a message marking the beginning of the

routine.

Lines 6-9 Update the platoon weapon system's current

knowledge of its ammo status.

Line 11 Updates the platoon's current ammo knowledge.

Line 12 Begins the aajcr loop for the routine by looping

over all ammo types carried by the platoon. Loop ends on

line 54.

Lines 13-14 Capture the current assets on-hand and the

required assets needed to be on-hand for coaputations.

Line 16 Begins an inner loop for the routine looping over

all weapon systems in the platoon. Loop ends on line 53.

Line 17-20 Check if a weapon has sustained battle damage.

If so, the routine cycles to the next weapon.
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Lines 21-52 Check if the ammo being considered is one of

the weapons six ammunitions carried. If so, the weapon

is given a percentage of the assets on-hand equal to

(weapon stowed load / platoon base load] multiplied by

the platoon's assets.

Line 53 Closes out the inner loop causing the routine to

loop to line 16 and the next weapon or out to the next

ammo.

Line 54 Closes out the major loop causing the routine to

loop to line 12 and the next ammo type or out.

Lines 55-58 Cause every TANK in the platoon to update its

ammo status.

Line 59 Causes the platocn to update its ammo status.

S. "EVENT BN.ARRIVE"

Event BV.ARRIVE is scheduled from CO.RESUPPLY.ARR to

simulate an RSV or convoy returning to the battalion trains

after a resupply mission. The RSV or convoy returns to the

battalion trains with an identical cargo to what it

delivered to the resupplied company. Understandably, this

is unrealistic but it serves the purpose of resupplying the

battalion trains in the model. This cargo is now added to

the battalion's assets and becomes available for resupply

again.
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AR GUM EN TS

A RCNVY(RESUPPLY CONVOY). Argument of the event BN.ARRIVE

(BATTALION ARRIVE) carrying the pointer of the convoy.

Z ENT TS9~jj

BN.ARRIVE(BATTALION ARRIVE).

GLOBAL VARIABLj j IN TEG-L

SCODE(SUPPLY CODE) (2-d). Holds the pointer value for a

supply unit's SCL.V.ITE~s(SUPPLY CLASS V ITEMs).

TANK

JERkN~!TA=.E BUTES

TIME. V

CARGO. Of a resupply truck.

C.CGO.LIST(CONVOY CARGO LIST). Owned by a CONVOY. Members

are the RES.REQs(RESUPPLY REQUEST) being shipped.

ELEMENTS. Owned by a CONVOY. Members are trucks(TANKs)

belonging to the convoy.

SCONVOY(SUPPLY CONVOY). Owned by a SUPPLr.OFFICER. Members

are CONVOY(s).

SREQN.LIST(SUPPLY REQUISITION LIST). Of a RES.REQ.

TE RkYP RINj _.U

CONVOY

RES.REQ. (RESUPPLY REQUEST).
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T.CGO (TRUCK CARGO)

C.MV. STATE (COMPANY MOVEMENT STATE).

ONEAND

RAC(RESUPPLY AMMO CODE).

RFILL(RESUPPLY FILL). Attribute of a RES.REQ (RESUPPLY

REQUEST) specifying the amount of ammunition released to

fill a request.

RP(RELEASE POINT). Attribute of a CONVOY specifying the

convoy's destination.

RQTY(REQUIRED QUANTITY). Of a RES.REQ.

UP.DATE

£ZR2GAN -LISTII~

1 EVENT BN.ARRIVE(RCNVY)
2 DEFINE RCNVY AS AN INTEGER VARIABLE
3 PRINT 1 LINE WITH TIME.V THUS

EVENT BN.ARRIVE CALLED AT TIME.V =
4 LET C.MV.STATE(RCNVY) = 0
5 FOR EVERY RES.REQ IN C.CGO.LIST(RCNVY),DO
6 ADD RPILL(RES.REQ) TO
7 ONHAND (SCODEjRPtRCWVY)RCESE
8 REMOVE RES.RE N CGO.RROg R9.
9 REMOVE RES.RES PROM SiEQN. LIST (1P (RCNVY))

10 IF RQTY(RES. EQ 0,
11 DESTROY RES.REQ
12 ALWAYS
13 LOOP
14 FOR EVER! TANK IN ELEEUTS RC(CAY), DO
15 FOR EVERY T.CGO IN CARGO (TANK) DO
16 REMOVE T.CGO PROM CARG (TAN
17 DESTROY T.CGO
18 LOOP
19 REMOVE TANK FROM ELERENTS(RCNVY)
20 LOOP
1 1 REMOVE RcNVY FROM SCONVOY(RP(RCSVY))

2 DESTROY CONVOY CALLED RCUVY
23 RETURN
24 END
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Line 2 Defines recursive variables used in the routine.

Line 3 Prints a message indicating that the routine has

been called.

Line 4 Changes the convoy move state to zero.

Lines 5-13 Loop over every resupply request in the convoy

adding its fill to the on-hand stocks at the battalion,

removing it from the convoy cargo list and the S-44s

request list. If the out standing balance for the

request is zero it is destroyed.

Lines 14-20 Loop over every TANK in the convoy's elements

removing the cargo entities from the trucks, and the

trucks from the convoys. The cargo entity is then

destro yed.

Lines 21-22 Remove the convoy from the S-4's list and

destroys the convoy.

T. "EVENT P.V.&HRO"

Event UP.W.198O is initially scheduled in routine

BLU.CREATE for each veapon system in the model. It is used

to call routine g.A1NO for a periodic update of amao LO~s.

It subsequently randomly reschedules itself simulating the

(
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irregular counting of ammunition during combat. Based on a

returning argument frcm routine W.AMMO, this event may

schedule a platoon update if the weapon is critical for an

ammo type, or may stop scheduling updates for the weapon if

damage has been sustained.

ARGM jZIN

RUD.CNTR. Points to weapon currently updating.

GL2B" VARiApLLbZ naTEEB

WSTREAM (WEAPON RANDOM NUMBER STREAM)

WMAX(WEAPON 14AXIMUM). The maximum time that can pass before

a weapon will update its ammunition status.

WMIN(W EAPON NINIMUM). The minimum time that can pass before

a weapon will update its ammunition status.

ag--1 V ARI ABL INTJI11

FLAG. Yielding argument from V.AAMO.

JOUTINS CALLJG

UNIFORM.F, tP.PLT.ALMNO(UPDATZ PLATOON AMMO)

gNI AL.& IUMMJ1ILLL

TINE.1

A - Holds pointer of weapon currently updating.

PLTLDR. Of TANK.
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P.RND.CNTR(PLATCON ROUND COUNTER). Argument of event

UP.PLT.AMMO pointing to a specific platoon which will

update.

1 EVENT UP.W.AMMO(A)
2 DEFINE NO.BATTLEA, AND FLAG AS INTEGER VARIABLES
3 LET NO.BATTLE = U
4 CALL W.AMMO GIVEN A NO.BATTLE YIELDING FLAG
5 IF FLAG = 100, IESERGENCY RESUPPLY NEEDED
6 SCHEDULE AN UP.PLT.AMMO(PLTLDR(A)) NOW
7 PRINT 2 LINES WITH TIME.V THUS

UP. PLT. AMMO CALLED BECAUSE OF ZERO BAL
TIME.V

8 ALWAYS
9 IF FLAG NE 1, ' NO BATTLE DAMAGE SUSTAINED

10 SCHEDULE Ab UP.W.A Mo A)
11 IN UNIFORM.F(WMIN,A STREAM) HOURS
12 ALWAYS
13 RETURN
14 END

EXPLNATION OF CODE

Line 2 Defines recursive variables for the routine.

Line 3-4 Set the index necessary to call for a battle

update and calls routine W.AMMO.

Lines 5-8 If the flag returned indicates that a weapon is

at empty for an ammunition type, this provokes a call

for the platoon to update its ammo.

Lines 9-11 If the flag indicates that no battle damage has

been sustained, the update is rescheduled.

U. "EVENT UP.PLT.&MMO"

This event is initially scheduled from routine

BLU.CREATE to call routine P.CLASS.V for a periodic ammo
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update. It then randomly reschedules itself in order to

simulate a platoon leader checking individual weapons.

Scheduling also occurs if a weapon reaches an LON of "1" for

an ammunition type simulating the initiation of an emergency

request. Additionally, based on a return argument from

routine P.CLASS.V, this event may schedule a company update

if the platoon is critical for an ammo type, or may stop

scheduling updates for the platoon if all its weapons are

incapacitated.

P.RND.CNTR(PLATOON ROUND COUNTER). Argument of the event

UP.PLT.AMMO(UPDATE PLATOON AMMUNITION) carrying the

pointer value of the platoon currently updating.

PLT.AMMO(PLATOON AMMUNITION). Owned by a PLATOON.LEADER.

Members are the unit's PCL.V.ITEMS(PLATOON CLASS V

ITEMS).

EVNTj9=lz

UP.COM.AMMO(UPDATE COMPANY AMMUNITION).

PSTREAH(PLATOON RANDOM NUMBER STREAM).

GLQ ALARABI 1IIAL
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PMAX(PLATOON MAXIMUM). The maximum time a that can pass

before a platoon will update its ammunition status.

PMIN(PLATOON MINIMUM). The minimum time a that can pass

before a platoon will update its ammunition status.

PERMANENT A TT RjBUTS N_.E GE

PCO.CDR (PLATOON COMPANY COMMANDER).

N.PCL.V.ITEMS(NUMBER OF PLATOON CLASS V ITEMS).

PERMAUNT ATTTRIA_U (

TIME. V

RECURSV VA_." N

FLAG. Yielding argument from P.CLASS.V.

ROUTINES

P.CLASS.V(PLATOON CLASS V AMMO), UNIFORM.F

J!EMPORH RY ATRBT ITGR

C.RND.CNTR(COMPANY ROUND COUNTER). Argument of the event

UP.COM.&MMO (UPDATE COMPANY AMMUNITION) carrying the

pointer value of the company currently updating.

J- Points to platoon currently updating.

Th2Gj"LISiTIJ

1 EVENT UP.PLT.&MMO(J)
DEFINE J FLAG A5 INTEGER VARIABLES
CALL P.CLASS.V GIVEN J YIELDING FLAG

14 IF FLAG -1
5 SCHEDULE IN UP.COM.AMNO(PCO. CDR(J)) NOV
6 PRINT 2 LINES WITH TIME.V THUS

UP.COM.AMMO CALLED BECAUSE OF ZERO SAL
TIME.V .

7 ALWAYS
8 IF FLAG NE N.PCL.V.ITEMS(J) $$PLATOON STILL VIABLE
g SCHEDULE AN UP.PLT.AMO (5)
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10 IN UNIFORM.F(P1AX,PMIN,PSTREA) HOURS
11 ALWAYS
12 RETURN
13 END

1x-PL.ATIRIo_ o CODE

Line 2 Defines the recursive variables used in the routine.

Line 3 Calls upon routine P.CLASS.V to update the platoon's

ammo status.

Lines 4-7 If the flag equals 1, this indicates that the

platoon is at zero balance for an ammo type and the

company is requested to update its ammo status.

Lines 8-11 If the flag does not indicate that the platoon

has sustained enough damage to place it out of combat,

its next update is established.

V. "EVENT UP.COM.ANKO"

Event UP.COM.AMMO is initially scheduled from routine

BASIC. LOAD and subsequently randomly reschedules itself

simulating the update of ammunition assets within a company.

It is also called immediately if a platoon reaches an LON of

"1" for an ammunition type simulating the initiation of an

emergency request. Additionally, based on a returned

argument from routine CON.&AKO, this event may stop

scheduling updates if all its platoons have been put hors de

combat.
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C.RND.CNTR(COMPANY ROUND COUNTER). Argument for event

UP.COM.AMMO (UPDATE COMPANY AMMUNITION) holding a

pointer of a company unit.

ZVENTS SCHEDULED

UP.COM.AIMO

GLOB AL V . & RAI.

CMAX(COMPANY MAXIMUM) . The maximum time that can pass before

a company will update its ammunition status.

CMIN(COMPANY MINIMUM). The minimum time that can pass before

a company will update its ammunition status.

CSTREAM(COMPANY RANDOM NUMBER STREAM).

21ijlZT ATT~ LUGIT~i

N.CCL.V.ITEMS(NUMBER COMPANY CLASS V ITEMS).

!csF L EVE V& S TEEl

C - Points to company updating.

FLAG. Yielding argument of routine COM.AHMO.

NO.BATTLE. Indicates whether RES.REQs should be filled.

"0" indicates no

"1" indicates yes

BOUTINES CALL&4D

COM.AMdO(COMPANY AMMO), UNIFORM.P

I EVENT UP.CON.AMMO(C)
2 DEFINE NO.BATTLE,C,FLAG AS INTEGER VARIABLES
3 LET NO.BATTLE a 0
4 CALL COM.AMMO GIVEN C,NO.BATTLE YIELDING FLAG

2
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5 IF FLAG NZ N.CCL.V.ITMS(C),
6 SCHEDULE A UP.COM.AMMC(C)

S 7 IN UNIFORM. F(CHIN, CMAX,CSTREAM) HOURS
8 ALWAYS
9 RETURN

10 END

Line 2 Defines the recursive variables used in the routine.

Lines 3-4 Set the indicator flag to require requisitions to

be filed and calls routine COM.ASO.

Lines 5-8 If the indicator flag returned indicates that the

company is still a viable combat entity, its next update

is scheduled.

W. "EVENT B.UP.DATE"

Event B.UP.DATE is initially scheduled in the main

program to initiate a periodic call for a battle summary

from routine UP.DATE. This event subsequently reschedules

itself every 24 hours.

PERHANENT ATTI"PI

TIHE. V

TRUNC. P, UP. DATE

I EVENT B.UP.DATE
2 CALL UP.DATE
3 SCHEDULE k B.UP.DATE AT TRUNC.F(TINE.V) + 1
II RETURN
5 END
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Line 2 Calls routine UP.DATE to print a battle summary.

Line 3 Schedules another update in 24 hours.

X. "EVENT STOP.SIMULATION"

Event STOP.SIMULATION is called from the main program at

the scheduled time to stop the simulation. It causes a

final printout of the battle summary to be produced.

_N~ENT ATT IBTS_ILM_4

TIME. V

QUTINES CALL D

UP.D&TS

PI2"iR 11LISTIN

I EVENT STOP.SIMULATION
2 LIST TINE.V
3 CALL UP.DATE
4 STOP
5 END

EXAlZIQL2ZS2P-M

Line 2 Prints the time the simulation ended.

Line 3 Calls routine UP.DATE to print a final battle

summary.

Y. "EVENT UP.S4.AMO"

This event is scheduled by event COM.ARMO when a

resupply request is created. The purpose of event

UP.S4. AMO is to process requests for and issue ammo from
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the battalion's reserve stocks of amaunition. In execution,

the event performs the following functions: prioritization

of outstanding requests; assessment of quantities to be

released to fill requests subject to transportation

availability; creation of convoys to carry the supplies;

c-eation of cargo manifests for individual trucks; and the

dispatch of convoys from the s%pply point. Lastly, the

event schedules the convoy arrival (CO.BESUPPLY.ARR).

k g~l ETS

ISSUEr. Argument for the routine containing the unit

requesting resupply.

ISSUER. Argument for the routine containing the pointer of

the supply officer updating.

GLOSAL' VARAB . iSk ( T.

SCODE(SUPPL! CODE) (2-d). HOLDS POINTER FOR SCL.V.ITEE.

GLOBAL VARIABJJ _41.AL

CL1.PCT(CRITICAL LONt PERCENT).

CL2.PCT (CRITICAL LON2 PERCENT).

SAX.TRIP. Baximum travel time to a unit.

MIN.TRIP. Minimun travel time to a unit.

SCODE (SUPPLY CODE).

UuNMTAuITnLIBgzjz4IMlU)
I.SCONVOY(NUMBER IN SUPPLY CONVOY).
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N.SWANT.LIST(NUMBER IN SUPPLY WANT LIST).

SCO.CDR (SUPPLY COMPANY COMMANDER).

TIME. V

PECUR SI'E VARLA;~AB&E.§Gjl..

A - Holds pointer to S-4 updating.

CON. Holds pointer to company updating.

CON.ID(CONVOY ID). Holds the pointer value of the convoy

currently being filled.

IT.LIVES. Indicates if a convoy has already been created to

carry supplies to a particular unit.

I - Loop indaix.

K - Loop index.

N.RNDS(NUMBER CF ROUNDS). Holds the number of rounds being

released to fill a request.

RC.TEMP(BOUND/CUBE TEMPORARY). Holds the computational value

of the number of rounds that may be loaded on a truck

due to cube restrictions.

RNDS(ROUNDS). Holds the number of rounds being released to

fill a request.

RR(RESUPPLY REQUEST). Holds the pointer of the resupply

request being currently filled.
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RW.TEMP(ROUND/WEIGHT TEMPORARY). Holds the computational

value of the number of rounds that may be loaded on a

truck due to weight restrictions.

T.COUNT(TRUCK COUNT). Holds the value of the number of

trucks already loaded for a particular resupply request.

TRKS.XVAIL(TRUCKS.AV&ILABLE). Holds the total number of

trucks available for assignment to a resupply mission.

CU(CUB). Holds the maximum cube that may be loaded on a

resupply vehicle.

CU.A¥&IL(CUBE AVAILABLE). Holds the total cube capacity that

4s available within the supply unit for the shipment of

supplies.

CU. REQ(CUBE REQUIRED). Holds the total cube that is required

in order to ship a resupply request.

LONI. Variable which indicates whether Levql of Need 1

requests are currently filed with the supply officer.

LON2. Variable which indicates whether Level of Need 2

requests are currently filed with the supply officer.

MULI(MULTIPLIER 1). Holds the multiplier for LON 1 requests

which is used to reduce the fill on such requests.

MUL2(MULTIPLIER 2). Holds the multiplier for LON 2 requests

which is used to reduce the fill on such requests.
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HULT(MULTIPLIER). Holds the multiplier for both LON 1 and

LON 2 requests in the main part of the computations.

PCT(PERCENTAGE). Holds the percentage value of the amount

released to fill a request versus the total quantity

requested.

RCU(RESIDUAL CUBE). The cube remaining in a CONVOY to be

filled.

RWT(RESIDUAL WEIGHT). The weight remaining in a CONVOY to be

filled.

WT(WEIGHT). Holds the maximum weight that may be loaded on a

resupply vehicle.

WT.AVAIL(WEIGHT AVAILABLE). Holds the total weight capacity

that is available within the supply unit for the

shipment of supplies.

WT.REQ(WEIGHT REQUIRED). Holds the total weight that is

required in order to ship a resupply request.

£2OMLUSALLP

FILE. UPDATE LOkD. THE.TRUCK

MAX.F MIN.F

PRI.RESUPPLY TRUNC.F

UNIFORM.F UP.DATE

WT.AND. CUBE

241



jC.CGO.LIST(COMPANY CARGO LIST). Contains a master listing of

the RES.REQs that are loaded on the trucks belonging to

the set ELEMENTS (of a convoy).

CARGO. Contains a listing of the T.CGO loaded on a

particular truck.

CWANT.LIST (COMPANY WANT LIST). Contains a listing of all

outstanding RES.REQs belonging to a company.

SCONVOY(SUPPLY CONVOY). Contains a listing of all CONVOYs

the supply officer currently has active.

SWANT.LIST(SUPPLY WANT LIST). A list of all outstanding

requests the supply officer has.

CONVOY. An entity created to move supply trucks(TANKs).

around the battlefield with supplies. It contains the

set ELEMENTS which holds the pointers of the trucks

assigned to the mission.

RES.REQ(RESUPPLY REQUEST).

T.CGO(TRUCK CARGO). An entity created to identify the cargo

loaded on a supply truck(TANK).

UAM~QAIY TT ZZ§L.iLRAL.

RNOSEN(RESUPPLY NOMENCLATURE). Attribute of an SCL.V.ITEI

containing the name of the particular amno type.

2
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STATUS. Transmits information as to where a RES.REQ is in

Sr-lation to the supply system. Values can be: TOS4, ATP,

TOCO.

TNOMEN(TRUCK NOMENCLATURE). Contains the name of a

particular ammo type.

T_ IPOR R _A _ __

C.MV.STATE(CONVOY MOVEMENT STATE). Indicates if a convoy is

in transit between supply points.

"0" indicates no

"1" indicates yes.

CO.CNVY(COMPANY CONVOY). Argument of the routine

CO.RESUPPLT.ARR holding the pointer of the convoy

arriving.

CONTRKS(CONVOY TRUCKS). Contains the number of trucks

assigned to a convoy.

CPNTR(CONVOY POINTER). Holds the pointer value for an active

CONVOY.

L.ELEMENTS(LAST ELEMENT). System variable pointing at the

last truck in a CONVOY's ELEMENTS set.

M.C.CGO.LIST(MEMBER CONVOY CARGO LIST). System generated

attribute which indicates whether a RES.REQ is filed in

a convoy.

2
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MANIFST. Holds the pointer of the CONVOY a RES.REQ is

loaded on.

N.C.CGO.LIST(NUMBER IN COMPANY CARGO LIST). Indicates the

total number of RES.REQs filed in a CONVOY.

N.CAEGO(NUMBER IN CARGO). Indicates the total number of

T.CGO items loaded on a particular truck.

N.T.ALLOC(NUMBER OF TRUCKS ALLOCATED). Contains the number

of trucks to be allocated to move the rounds released

for a resupply request.

ONHAND. Holds the on-hand balance for rounds of a particular

ammo type at the resupply point.

RAC(RESUPPLY AMMUNITION CODE).

RDS.PKG(ROUNDS PER PACKAGE).

REQUESTOR. Conteins the pointer to the unit requesting

resupply.

RFILL(REQUEST FILL). Holds the number of rounds released to

fill a request.

RP(RELEASE POINT). Convoy termination point.

RQTY(REQUIRED QUANTITY).

RRPNTR(RESUPPLY REQUEST POINTER).

SCREEN. Indicates whether a request has been reviewed during

a particular S-4 update cycle.

SP(START POINT). Convoy start point.
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f SPACE. Indicates if empty space remains on trucks with..n a

CONVOY.

SPRIORITY(SUPPLY PRIORITY). Indicates the urgency of need on

a RES.REQ.

TCU(TRUCK CUBE). The cube that a truck has available to be

filled.

TP1TR (TRUCK POINTER).

TQTY(TRUCK QUANTITY). Holds the number of rounds within a

T.CGO that are loaded on a truck.

TRAC(TRUCK AMMUNITION CODE). Of a T.CGO item.

TWT(TRUCK WEIGHT). The weight that a truck has available -:o

be filled.

TE MPORAGEJOfata d gaRALL

CU.PKGI(CUBE PACKAGE). Of a standard package of ammo.

WT.PKG(WEIGHT PACKAGE). Of a standard package of ammo.

1 EVENT UP.S4.AMMO(A,COH)
2 DEFINE R.RNDS A I, K CO, RW TEMP RC. TEMP,RNDS,
3 IT.LIVES,T.CO6NT k .NDS CON ID R *
4 AND TRKS.AVAIL A§ INTEGER VARIIBLS5 DEFINE MLI .MUL2, LON1 LON2 CU CU. AVAIL CU REQPCT,
6 MULT WTST .A WT.REQ RWT,RCU 1S REAL VARI ALES
7 PRINT I LINE WITh TIME.f AS FOLLOWS

EVENT UP.S4.AMMO CALLED AT TIME.V -
8 of
9 CALL FILE.UPDATE(A COl)

10 CALL WT.AND.CUBE GIVEN A
11 YIELDING VT AVAIL CU.AVAIL TRKS.AVAIL WTCU
12 ''TEST IF RESUPPLf MISSIONS ARE POSSIBLE
13 ''
14 IF TRKS.AVAIL a 0
15 RETURN
16 OTHERWISE
17 ''
18 CALL PRI.RESUPPLT GIVEN MT.AVAIL CU. AVAILA
19 YIELDING MULI,IUL2,LON1,LON2
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20
21 'REQUEST'
22 ''C ECK RES.REQ BY LON, BY CRITICALITY, BY TIME
23 FOR I = 1 TO 5, DO
24 Is
25 ''ID AND LOOP OVER REQ FROM THE MOST CRITICAL UNIT
26 FOR EVERY RES.REQ IN SWANT.LIST(A)
27 WITH SPRIORITYRES.REQ I
28 AND M.C.CGO.LIST(RES.REQ) 0 0, DO
29
30 ''CHECK SCREEN
31 IF SCREEN(RES.REQ) = 1,
32 CYCLE
33 OTHERWISE
34 LET SCREEN (RES.REQ) = 1
35 t'
36 ''DETER IF THE AMMO IS ON-HAND AT SUPPLY POINT
37 IF ONHAND(SCODE(A,RAC(RES.REQ))) EQ 0
38 CYCLE
39 ALWAYS
140
41 Vi SET MULTIPLIERS
42 LET MULT = 1.0
43 IF SPRIOEITY(RES.REQ) = 1,
44 LET MULT = MULl
45 ALWAYS
4 IF SPRIORITY(RES.REQ) = 2,
4 LET MULT = MUL2
48 ALWAYS
'49 'I
50 '' DETER IF THERE IS ENCUGH AMO TO MEET REQMNTS
51 LET N.RNDS = R TYRES. RE MULT
52 LET R.RNDS = R TY RESRE
53 IF N.RNDS GT 0 HA D(SCOD (A,RAC(RES.REQ
51 LET N.RNDS = ONHA D(SCODE(A,RAC(RES.21 |))
55 ALWIYS
56 ' '
57 ''DETERMINE THE VT AND CUBE TO BE SHIPPED
58 LET WT.REQ=N.RNDS*VT.PKG(SCODE A RACARES.)RE|
60 LT C KG(SCO SE (RE RE )
6 LET A61 /RDS.PKG(SCODE(ARAC(RES.REQ)))62 '
63 ' DETER IF A UNIT CONVOY IS ALREADY FORMED
614 FOR EVERY CONVOY IN SCONVOY(A)
65 WITH C.MV.STATE(CONVO) = 0 AND SP(CONVOY) = A
66 IND RP(CONVOY) = REQUESTOR(RES.REQ), DO
67 ''CAPTURE THE POIN TER VALUE OF THE CONVOY
68 LET CON.ID a CONVOY
69 LET IT.LIVES = 1
70
71 "'CHECK IF SPACE IS AVAIL ON CONVOY TRUCKS

SPACECONVOY) - I
7 IF UT. EQ GT UTL.ELEMENTS (CONVOY))
74 OR CU.REQ GT TCU(L.ELEMENTS(CONVOY))
75 LET RT = TVL.E EMETS (CONVOY))
76 LET RCU = TCU L.ELMENTS (CONVOY))
77 LET R9.TEMP=R T
78 /WT.PKG (SCODE (AAC RES .EQ)
79 " RDS.PKG (SCODE (A RAC(ES.EEQ11
0 LET RC.TEMP a RCU

al/CU. PKG (SCODE (JA,RAC (RES BE
82 * RS.PKGR(COE REEA{S. REQ))1
83 LET ENDS HI MNF (W. TEMP.HC.EP
84 LET SPACE (CONVOY) = u
85 ELSE
86 LET ENDS = N.RNDS( 87 ALWAYS
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A 88 '
j89 IF RIDS le 0,

90 o to esfdfill
91 tevs
92 CREATE A T.CGO
93 LET TPNTE (T.CGO) =L.ELEMENTS(CONVOY)
94 LET RRPNTE CT. CGO) = RES REQ
95 LET TNOMEN (T.CGO) = 110131 (RES.REQ)
96 LET TRACI (T.G0) = RAC(IRES. BEQ)
97 LET TQTY(T.CGO) = ENDS
98 FILE TCGO IN CARGO (L.ELERENTS (CONVOY))
99 #$REDUCE THE NQUANTITY 01 THE RES..REQ

100 LET N.RNDS =.RNDS -ENDS

101 LET RFILL (RES.EEQ) = hILL (RES REQ) + RIDS
102 LET RQTY(RES .REQ) RQTY (RES.REQ - RNDS
103 ''REDUCE THE ON- HAID BALANCE OF STOCKS
104 LET ONHAND (SCODE (ARAC(RES.EQ2)-105 ON AND (SCODE(A RAC BP5 EQ) -EIDS
106 1 'REDUCE THE WEIGHT A IL CUBE FOR T4H E
107 LET WT.REQ- TRUIC.F (WT.REQ - ENDS E
108 *WT.PKG (SCODE (A RAC (RES.REQ)))109 /RDS.PKG (SCODE A,fiAC (S EQ~
110 LET CU.REQ= TRUIC. I (CU.R4 - RIDS
ill *CU.PKG SCODE (ARAC (RES.RQf
ill /RDS.PKGA SCODE (A AAC (RESN.EQ1f
112 ''REDUCE THE WT AN DCUBE APAIL ON THE

TRUCK

13LET TWTJL.ELEMZTS CONVOYj=IOY
116 /RDS.PKG (SCODE (A HAC(RES.REQ))
117 LET TCUI.ELERENTS(CON VOf))=
118 TIUC F4TCU(L.ELEBE TS(CONVOY)j))
119 EN RD*T.PKG'SCODE (A RAC RES.BE)
120 /RDS.PKG(SC0DA(ARUC(AiES. EQ))))
121 ALWAYS
120
121 ''FILL IN CONVOY MANIFEST
122 IF CON.ID IS NOT IN SORE SCONVOY
123 FILE CON.ID IN SCOIVOY (A)
124 ALWAYS
125 IF RES.RZQ NOT IN C CGO. LIST,
126 FILE RE S REQ IN C.CGO.LIST(CON.ID)
127 ALWAYS
128 LET MANIFEST (RES.REQ) = COI.ID
129 LET STATUS (RES.REQ) = "TOCOREANY"1
130 IF RQTY(RES.BEQ) 0131 GO TO REQIJESRTOOP
131 OTHERWISE
13 ~ ALWAYS

H4 'END.SPACE.CHECK' LOOP

136 'RALLY'
137 '"CHECK NUMBER OF TRUCKS AVAIL FOR SHIPMENT
138 IF TRKS.AVAIL EQO0
139 GO TO FINALCHECK
140 OTHERWISE
141 '
142 ''IF A CONVOY DOESN'T EXIST CREATE ONE
143 IF IT.LIVES EQ 0
144 CREATE AN CONVOY
145 LET CPNTR (CONVOY) - CONVOY
146 LET CON.ID = CONVOY
147 LET RP (CONVOY) REQUESTOR(RES.REQ)
148 LET SP (CONVOY) A
149 ALWAYS

Ii I 'IDETERMINE THE # OF TENS ARE ON-HAND
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152 ' IF NOT ADJUST
153 IF UT.EQ LT WT-.V&IL AND CU.REQ LT CU.AVAIL,
154 LET L.. ZOCLRS.RfQ) -
155 TRONC.F( XA.F(T .REQ/WT,CU.REQ/CU)+l)
156 ELSE
157 LET N.T.ALLOC(RES.REQ)= TRKS.AVAIL
158 ALWAYS
159 LET TRKS. AVAIL = TRKS.AVAIL-N.T.ALLOC(RES.RBQ)
160 "
161 ''FILL IN CONVOY MANIFEST
162 IF CON.ID IS NOT IN SOME SCONVOY
163 FILE CON.ID IN SCONVOY(A)
164 ALWAYS
165 IF RES.REQ NOT IN C.CGO.LIST
166 LET STAIUS(RES.RQ) - "TOC611PANY"
167 FILE RES.REQ IN C.CGO.LIST(CO.ID)
168 ALWAYS
169 LET MANIFEST(RES.REQ) - CON.ID
170 ADD N.T.ALLOCjRES.REQ) TO CONTRKS(CON.ID)
171 LET RR = RES.REQ
172 CALL LOAD.HE.TRUCKS
173 ,(ARE,WT.REQ,CU.REQN.RNDS,CON.ID)174 11
175 01 ADJUST THE WT.AND CUBE AVAIL FOR SHIPPING
176 CALL WT.AND.CUBE GIVEN A
177 YIELDING WT.AVAIL,CU.AVAZL,TRKS.AVAIL,WT,CU
178
179 'REZQUESTLOOPI
180 ''UPDATE SULNT.LIST FILES
181 LET PCT = B. RNDS/RJTY(RES .R PCT T C.LPCT)
182 I (SPRIORITY (BBS. FQ)
183 O (RES.1fQ) 2 AND PCT GT C.L.PCT)
181 EHOVE RES.REQ PROM SWANT.LIST (A)
185 ELSE
186 REMOVE EES.EEQ FROM SWANT.LLST(A)
187 ALWAYS
188
189 LET IT.LIVES = 0
190 1'
191 LOOP

191 LOOP
19
194 11DISPATCB ALL CONVOYS CREATED
195 FOR EVERY CONVOY ii SCONVOY (A)
196 ,ITR C.EM.STATE (CONVOY) =O AND SP(CONVOY)-A, DO
19? LET C.MV.STATE(CONVOY) - 1
198 LOOP
199 1,
i00 IF CON.ID HE 0

SCHEDULE A C).SUPPL.ARR CON.ID)
202 IN ONIFORa.F(1INTRIPMAXTRIPTSTREAA) MINUTES
203 ALW&YS
204 1
205 ''RESET LOOP CHECKS
206 FOR ALL EES.RZ IN CVABT.LIST(SCQ.CDR(A)), DO

L7 LET SCREEN( RS.fEQ) = 0
a LOOP

209 RETURN
210 END

Lines 2-6 Define recursive variables for the routine.

Line 7 Prints a message marking the beginning of the event.
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Line 9 Calls routine FILE.UPDATE which files new requests

and checks old requests for duplication.

Lines 10-11 Calls routine WEIGHT.AND.CUBE to assess the

total weight and cube capacity available to handle

shipments of supplies forward.

Lines 13-16 Check if all resupply vehicles are already in

use. If so, the routine is ended with no further action

taken.

Line 18-19 Calls routine PRI.RESUPPLY to determine if LONI

and LON2 requests should be modified in order to fill

more requests with a lesser amount of ammo.

Lines 21-23 Start the majcr loop of the routine. Initialize

an index to the most urgent LON a resupply request can

have and begin the loop which will fill requests. Loop

ends on line 192.

Lines 25-28 Start an inner loop of the routine to identify

the most critical resupply request on-hand to fill

first. Loop ends on line 191.

Lines 30-34 Check the screen attribute of a resupply

request to determine if the request has been reviewed

before in the current cycle. If the request has been

reviewed, the request is cycled.
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Lines 36-39 Check the availability of the ammo requested at

the supply point. If none is available the request is

cycled.

Lines 41-48 SOt multipliers for high priority requests as

appropriate. The purpose of the multipliers is to

reduce the fill on high priority requests in order to

release truck space to fill more high priority requests.

Lines 50-55 Determine if there is enough ammo available to

fill requests. If not, the request is filled with what

is available.

Lines 57-61 Determine the weight and cube needed to ship

the number of rounds requested.

Lines 63-66 Start an inner loop which checks to see if a

convoy is already formed for requestor of the current

request. If one exists, this loop is entered and any

available space on trucks already committed to the

convoy is filled before more trucks are committed. Loop

ends on line 134.

Line 68 Captures the pointer value of the convoy formed.

Line 69 Initializes a variable signifying that a convoy is

already formed for the unit.
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Lines 72-128 Perform an IF check to determine if space is

still available on convoy trucks. If so, the logic

embedded to line 133 is executed; if not, control is

transferred to line 133.

Lines 73-87 Perform an IF check to compute the number of

rounds that may be shipped on the convoy subject to the

available weight and cube. Satisfying the IF condition

indicates that the current request will fill the room

available. Transfer to the ELSE condition indicates that

the request will leave space on trucks for additional

requests.

Line 75 Computes the residual weight available on the

convoy.

Line 76 Computes the residual cube available on the convoy.

Lines 77-79 Compute the rcunds that may be shipped for a

request subject to the weight limitations of the truck.

Lines 80-82 Compute the rounds that may be shipped for the

request subject to the cube limitations of the truck.

Line 83 Specifies the number of rounds to be released

subject to the miniaum restriction.

Line 84 Sets the space attribute of the convoy to indicate

that there is no space available.

2
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Lines 85-86 Mark the ELSE logic which indicates that the

request may be filled with room to spare.

Line 87 Marks the end of the weight and cube loop.

Lines 89-121 Perform an IF check to see if rounds are to be

loaded on committed convoy trucks. If RNDS is greater

than zero, the logic to load the truck is executed. If

not, control is passed to line 133.

Line 92 Creates a T.CGO to hold information as to the type

and quantity of ammo to be loaded on a truck.

Line 93 Captures the pointer value of the truck the cargo

is loaded on.

Line 94 Captures the pointer value of the resupply request

being filled.

Line 95 Captures the nomenclature of the request being

filled.

Line 96 Captures the ammunition code of the request being

filled.

Line 97 Captures the guantity being loaded on the truck.

Line 98 Files the cargo on the last truck in the convoy.

Lines 99-100 Reduce the number of rounds yet to be filled

for the request.

2
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Line 101 Adds the quantity released to the fill attribute

of the request.

Line 102 Reduces the required quantity for the resupply

request.

Lines 103-105 Reduce the on-hand stocks for the amso type

at the supply point.

Lines 106-111 Reduce the weight and cube required to fill

the request.

Lines 113-120 Reduce the weight and cube available on the

truck to fill requests.

Line 121 Closes out the inner IF check.

Lines 121-132 Fill in the convoy manifest.

Lines 125-127 Check if the existing convoy is in the set of

convoys owned by the supply officer. If not, the convoy

is filed.

Line 128 Points the resupply request to the convoy it is

loaded on.

Line 129 Insures that the status of the convoy shows it

enroute to the supported unit.

Lines 130-132 Check to see if the request has been filled.

If so the loop is cycled to the next request. If not,

logic continues to see if it can be loaded on an

additional truck for the convoy.

(.
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Lines 136-140 Determine if there are trucks available for

assignment to the convoy. If not, all loops are

terminated.

Lines 142-149 Make a check to determine if a convoy is

already formed to ship supplies to the unit. If not a

convoy is formed, and attributes are set capturing its

pointer value, start point, release point(end point),

and setting a variable equal to its pointer value for

later computations.

Lines 151-159 Determine if the necessary number of trucks

are available to ship the supplies. If not, the number

of trucks that are available are assigned to the

mission.

Lines 161-173 Fill in the convoy manifest.

Lines 162-164 Check if the existing convoy is in the set of

convoys owned by the supply officer. If not, the convoy

is filed.

Lines 165-168 Check if the resupply request is filed in the

convoy manifest. If not, the convoy is filed and the

status changed to show enroute to the supported unit.

Line 169 Points the resupply request to the convoy it is

loaded on.
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Line 170 adds the number of trucks allocated to the

convoy's total.

Lines 171-172 Capture the resupply pointer and transfer

control to a routine which loads the request on the

trucks.

Lines 175-177 Call routine WEIGHT.AND.CUBE again to update

the weight and cube now available on trucks at the

battalion trains for shipping.

Lines 179-187 Update S-4 request files dropping those LON 1

and LON 2 files that have been filed past a critical

minimum and dropping all other requests that have at

least a partial fill.

Line 189 Resets the IT.LIVES variable to zero.

Line 191 Closes out the inner loop started on line 25

carrying with it the most critical request. Transfers

control back to acquire the next request or out to the

next LON value.

Line 192 Closes out the major loop started on line 21.

Transfers control back to change the LON value being

considered to the next value or out.

Lines 194-198 Change the movement state of all convoys

created in order to dispatch the convoys.
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Lines 200-203 Determine if convoys have been formed this

iteration of the routine. If so, a company resupply

arrival time is scheduled.

Lines 205-208 Reset the screen attribute on still viable

requests for the next iteration of the loop.

Z. "EVENT FIREKILL"

This event is scheduled by event UP.W.AMMO if a weapon

system sustains a firepower kill. The purpose of the event

is to redistribute the weapon system's on-board ammo to the

other members of its platoon. In execution, each of the six

ammo types a weapon could carry are removed from the weapon

and distributed to the other undamaged weapons in the

platoon in accordance with each weapon's urgency of need for

that asmo type.

.U[lENT

VICTIM. Points to the weapon system that has been killed.

ARO1. AP.TOW(ARBOR PIERCING/TOW ROUNDS).

A.4102. HE. DRAG (HEAT/DRAGON ROUNDS).

AB03. AWI.OR.MSL3(ALTERNATE WEAPON 1 OR MISSILE 3).

AM504. a12.OR.AD3(ALTERIATE VEAPON 2 OR AIR DEFENSE

MISSILE).
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PCODE(PLATOON CODE) (2-d). Holds the pointer value for a

platoon's PCL.V.IIE~s(PLATOON CLASS V ITEMs).

A - Points to the weapon killed.

AC. Holds the value of the ammo code being reviewed.

DEL. Placeholder for ammunition types being delivered.

I - Loop index.

NO.BATTLE. Indicates whether RES.REQs should be filled.

"0" indicates no
"I" indicates yes

PL. Points to a PLATOON.LEADER.

TK. Points to a TANK.

RO~U"N CALLE.JU

UP.DATE, W.AMO, P.CLASS.V

MTS USED

PLAT.UNIT(PLATOON UNIT). Owned by a platoon.leader. Members

are the unit's combat vehicles(TANKs).

AROS(ARRUNIITION 5). Of TANK.

A1106(ARRUNITION 6) . Of TANK.

AP.TOW(ARNOR-PIERCIG/TOW). Ammunition I of TANK.

AV1.OR.8SL3(ALTERNATE VEAPON 1 03 ISSILE 3). Ammunition 3.

(
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AW2.OR.ADR(ALTERNATE WEAPON 2 OR AIR DEFENSE MISSILE).

Ammunition 4.

HE.DRAG(HEAT/DRAGON ROUNDS). Ammunition 2 of TANK.

FKILL (FIREPOWER KILL).

FLAG. Yielding argument of routine W.AAHO; not used.

KKILL(CATASTROPHIC KILL).

MFKILL(NOBILITY .WD FIREPOWER KILL).

MKILL(NOBILITY KILL).

OHI(ON-HAND 1). Current balance of ammunition 1 on a TANK.

02(ON-HAND 2). Current balance of ammunition 2 on a TANK.

OH3(ON-HAND 3). Current balance of ammunition 3 on a TANK.

OH4(ON-HAND 4). Current balance of ammunition 4 on a TANK.

OHS(ON-HAND 5). Current balance of ammunition 5 on a TANK.

O6(ON-HAND 6). Current balance of ammunition 6 on a TANK.

P.SHORT(PLATOON SHORTAGE). Current shortage of a PCL.V.ITEM

(PLATOON CLASS V ITEM). Unique to each platoon and ammo

type.

PLTLDR (PLATOON LEADER).

SLOADI(STOWED LOAD 1). Optimal load ammo type 1.

SLOAD2 (STOVED LOAD 2). Optimal load ammo type 2.

SLOAD3 (STOWED LOAD 3) . Optimal load ammo type 3.

SLOA 4(STOWED LOAD 4). Optimal load ammo type 4.

SLOADS (STOVED LOAD 5). Optimal load ano type 5.
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SLOAD6 (STOWED LOAD 6). Optimal load ammo type 6.

SYS.TYPE(SYSTEM TYPE).

TAC1.(TANK AMMUNITION CODE 1).

TAC2. (TANK AMMUNITION CODE 2).

TAC3. (TANK AMMUNITION CODE 3).

TAC4.(TANK AMMUNITION CODE 4).

TAC5. (TANK AMMUNITION CODE 5).

TAC6. (TANK AMMUNITION CODE 6).

TANK

RRO G)kM LISTZ G

1 EVENT PIREKILL(A)
2 DEFINE NO. BATTLE FLAG,TK,PL,DEL,AC,A,I
3 AS INTEGER VARIALES
4 Of
5 PRINT 1 LINE THUS

EVENT FIREPOWER KILL CALLED6 ''

7 "ICHANGE KILL STATUS TO ELIMINATE THE WEAPON
8 FROM FURTHER UPDATES
9 LET MKILL(A) = 110 ''

11 it
12 FOR I = I TO 6 DO
13 "°SET UP ARTIFICIAL DELIVERY

i GO TO 1,2,3,4,5,6 PER I
16 '1'
17 LET DEL = AMMOl (A)
18 LET AC = TACi(A)
19 12'
20 LET DEL = AMMo2(A)
21 LET AC - TAC2(,)
22 '3'
23 LET DEL - AMMO3 (A)
24 LET AC - TAC3(k)
25 '4'
26 LET DEL = AEMO4(A)
27 ,LI AC - TAC4(A)28
29 LET DEL = ASMO5 (A)
30 LET AC = TAC5(A)
31 '6'
32 LET DEL - AM806 (A)
33 LET AC = TAC6(A)
34 9,
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35 "FPILL AS
36 FOR EVERY A IN PLAT.UNIT(PLTLDR) DO

4, 37 IF HIILL (A)=1 OR IIFIILL(A)ol OA FKILL(A)1l
38 OR ICKILL (A)1~
39 CYCLE
40 OTHERWISE
41 '
42 IF TACi A -AC
43 LET UHl(A)=OH1(A)+DELC (SLOADi IA -OH1JA)))/
'14 P.SHORT (PCODE( (L LDRAC)
45 LET ANN1O (A)AI NO1 A +DL
46 C SLOD A&)-AM[MO1 Al)/
47 SHORT PCODE(P ))
48 GO TO TICLOOP
49 OTHERWISE

50

51 IF TAC2 (A)=AC
52 LET 0H2 (A) OH2 (A) +DEL( (SLOAD2 (A)-052 (A)) I53 P. SHORT (PCODE(PLTLDR, AC)
511 LET AMK02(A)=AMMO02 +M ~E

57 GO TO TICLOOP
58 OTHERWISE
59 '

60 IF TAC3 (A)=AC
61 LET 013(A)zOH3(A).DELC (SLOAD3fA -0H3(A)))/
62 P.SHORT (PCODE(PLTLDR,A')
63 LET AIIN03 (k) A M3 (AI EL
64 C (SLOAD3 (A) -AM3(Al) J)65 P.SHORT( PCoDE (PLTLDR AC)

6 3O TO TICLOOP
5 OTHERWISE

68 '

69 IF TAC14(A)=AC
70 LET OH4 (A) Oi4 JA)+DEL( SLQADIIA &-0111(AJ I)/

71P.SHORT PCO DE( L DR, AC
72 LET AlM04II(A) AEEOII (+ EL
75 GO T ILOC(SLOA'4A)-AM04(A))
714 P.SHORT( CODE (PLTLD *AC))
76 OTHERWISE
77 '

78 IF TACS A)AC
79 LET O05(A) =0H5 (A) +DEL( SLAD5 A -0115(A)) I80 LE MO()AP.SHORTjsPCODE(4LTLDRAC)
82 E ~f5A)AfO() EL

82 AEI5()
83 P. SHORT ( CODE (PLTLDR )
841 GO TO TKLOOP
35 OTHERWISE
86 '
87 IF TAC6 (A)-AC
88 LET 0H6 (A) =OH6 (A) +DEL( (SLOAD6 A-06 (A)) j89 P. SHORT (PCODEk PLLDB, AC)
90 LET AMNO6 (A) = tO6& ~A+DEL
91 CSLOI 6f(A)-AMM5064 J)/A)92 P.SHORT (PCODE(PLTLDR A)
93 ALWAYS
914 'TICLOOP' LOOP
95 LOOP
96 FOR EVERY TIC IN PLAT. UNIT (PLTLDR(A) DO
97 IF SYS. TYPE (TK) EQ 7,
98 CYCLE
99 OTHERWISE
100 LET NO.BATTLE 1
101 CALL W.AIINO(TK,llO.BATTLE) YIELM-UG FLAG
102 LOOP
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103 ''
104 CALL P. CLASS. V(PLTLDR(A))
105 RETURN
106 END

Line 2-3 Define recursive variables used in the routine.

Line 5 Prints a message indicating that the routine has

been called.

Lines 7-9 Change the kill status of the weapon system to

eliminate it from further supply computations.

Line 12 Begins the major loop for the routine, looping over

the six ammo types carried on a weapon and distributing

these assets to the other members of the platoon. Loop

ends on line 95.

Lines 16-33 Set DEL equal to the amount being taken from

the damaged weapon and AC equal to its identifying aao

code.

Lines 36 Begins an inner loop over the undamaged weapons of

the platoon in order to distribute the damaged vehicles

ammo. Loop ends on line 95.

Lines 37-40 Check the weapon being considered for any

damage and cycles if damage is determined.

Lines 43-93 Loop over the six ammo types carried by the

undamaged weapon to see if it carries the ammo being
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distributed from the damaged vehicle. If a match is

made, the amount delivered is equal to the amount being

taken from the damaged vehicle times the ratio of the

w-apon's need to the platoon's overall need.

Line 94 Closes the veapon system ioop beguan on line 36.

Control is transferred either to the next weapon or to

the next ammo.

Line 95 Closes the ammo loop begun on line 12. Control is

transferred either to the next ammo type or out.

Lines 96-102 Cause every weapon system to update its ammo

status.

Line 104 Causes the platoon to update its ammo status.
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